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Preface 


In order to develop well defined abilities and skills such as spirit 
of inquiry, creativity, objectivity, courage to question, aesthetic 
sensibility, etc. the learning of science has been made compulsory 
for the first ten years of school education in the present 10+2 
pattern of education. However, even a well conceived formal system 
of education is not adequate to achieve the desired goals of science 
education. Rigid and theoretical lessons of the formal system, 
and the often inadequate demonstrations and experiments do not 
provide opportunity to the naturally curious children to indulge 
in the joys and fun of scientific investigation. Science Exhibitions 
offer an opportunity to the students to express and exchange their 
creative ideas, help them to learn the methods of science, provide 
them with opportunity to develop their problem solving skills and 
creative abilities. 

With these aims, the National Council of Educational Research 
and Training (NCERT) organises the Jawaharlal Nehru National 
Science Exhibition for Children (JNNSEC) as an annual function in 
collaboration with a particular State or Union Territoiy on rotation 
basis. The JNNSEC is the culmination of a series of exhibitions 
organised at zonal, district, regional and state levels and a large 
number of students and teachers participate in the event. 

The present publication includes write-ups of a few exhibits 
selected for display in the thirty second JNNSEC being organised 
in Raipur, Chhattisgarh. The write-ups of the exhibits are se¬ 
lected from those adjudged the best in the State level exhibitions 
held in 2004-2005 all over the country.' It is a companion of an¬ 
other publication: “List of Exhibits" which contains the titles and 
synopsis of almost all the exhibits invited to participate in the 
JNNSEC - 2005. It is expected that this publication will motivate 
and help children to participate in future Science Exhibitions. 

The write-ups contained in this publication were selected and 
edited by Prof. J.S. Gill, Prof, Brahm Prakash, Prof. H.O. Gupta, 
Prof. Jaishree Sharma, Dr V.P. Shrivastava, Dr Alka Mehrotra, 



Dr Gagan Gupta, Dr Sukhveer Singh, Dr S.K. Dash, Shri R. Joshi, 
Dr Anjni Koul, Dr R.K. Parashar, Shri Uaday Singh and Dr Dinesh 
Kumar of the Department of Education in Science and 
Mathematics (DESM) of NCERT. 

I appreciate their sincere efforts and specially thank Dr Dinesh 
Kumar for coordinating this work in 2005 and seeing this manu¬ 
script through the press. I also thank the Publication Department, 
NCERT for its cooperation in bringing out this publication and for 
the excellent production quality, 


M. Chandra 
Professor and Head 

Department of Education In 
Science and Mathematics 

New Delhi National Council of Educational 

November 2005 Research and Training 
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Energy Through 
Amusement 
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Gandu Prlyarika 
Yarlagadda Jahanavi 
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Deevi Padmavathl 
D. Antani Baby 

Teacher 

M. Siva Ram Prasad 


Shn Mandava Kanakaiah 
ZPH School 
Mova Mandal 
Krishna District 
Andhra Pradesh 


Introduction 

Energy is the key to the progress of mankind. In fact man's progress 
in the socioeconomic ladder is intimately connected with the 
amount of energy he possesses. The hunger for energy actually 
started increasing by leaps and hounds smce the beginning of the 
industrial revolution during the 19th century. The gradual 
discovery of various forms of apparently limitless fossil fuels like 
coal, oil and natural gas, kept man’s hunger for energy satisfied 
for a long time. During the 20th century the consumption of energy 
went on increasing without limits, but with accompanied energy 
wastage. The per capita energy consumption is quite often 
considered to represent the developmental index of a nation. The 
per capita energy consumption by the industrialised nations is 
many times higher than that of developing countnes like India, 
where it is miserably low i.e. just about 250 KWh per person per 
year. Indeed, it is even lower than another third world country like 
China, whose per capita energy consumption is now considerably 
more than that of India. 

Out of all forms of available energy, electrical energy is perhaps 
the most clear and versatile. Electricity is normally produced by 
converting other form of available energy The table given on next 
page shows the approximate potential of the different energy source. 
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Estimated Potential for Renewable Technologies 


Sources/System 

Approximate Potential 

1. Bio gas power plants 

17,000 MW 

2. Solar energy 

20 MW / Km 2 

3. Wind energy 

20,000 MW 

4. Small hydro power 

10,000 MW 

5 Ocean energy 

50,000 MW 

6. Urban and industrial waste 

1,700 MW 


In order to fulfil the needs of energy locally, we Identified parks 
or playgrounds where children play with see-saw, 'Meny-go - 
Round' and the 'Slide' as alternative potential areas for the 
production of electricity. While playing with them the child energy 
can be converted into mechanical energy which in turn generates 
electricity with mini generators attached to the above equipment. 
Though the electricity produced through these amusements is 
small amounts, it can be stored and used for lighting in the parks 
and for lifting water for growing plants with little extra cost. 

If all the parks in the country follow the above method, their 
energy bill will certainly go down and the saved energy can be 
transmitted to villages, which suffer from frequent power cuts. That 
is the innovative idea behind our exhibit "Energy through 
Amusement". 

Scientific Principle Involved 

The basic pnnciple involved is transformation of energy. Muscular 
energy is converted into mechanical energy with the help of some 
flywheels, which on rotation produce electrical energy when 
connected to mini generators. 

Material Used 

Hard boards, tin sheets, colour paper, plastic wheels, used up 
sketch pens, DC motors as generators, LED, dolls made of wool, 
belts, connectors and decoration articles. 

Construction of the Exhibit 

In our exhibit, we prepared model of a park for children to play. It 
is divided into two parts, one part representing the recreational 
area where people sit and relax enjoying the lush green scenery of 
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the park. Actually the second part is the working unit. A box is 
made of hard wood with the dimensions of 2’ x 1.5' x 6" with top 
open. 3/4 of the opening is covered with another board as ground 
on which small 'size replicas of see-saw, merry-go-round, the slide 
are mounted. Flywheels, pulleys and generators are arranged 
inside the box i.e. under ground. The remaining 1/4 of the opening 
is covered with see-through flexi glass for a better view of the inside. 

Working of See-Saw 

At one end of the see-saw a shaft is arranged. The other end of 
shaft is connected to a wheel. When the see-saw moves up and 
down this motion is transformed into rotational motion which 
rotates the tape recorder motor acting as generator. A sketch pen 
barrel is used as electric pole and a LED is arranged in it and is 
connected to the generator. 
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Working of Merry-Go-Round 

A wheel is arranged to the rotating shaft of the 'goround' it is 
connected to the generator with the help of a belt The wires from 
the generators are connected to a LED. When the children sit in 
the chairs of the go-round and make it rotate with their legs 
electricity is produced. 

Working of the Slide 

The model of a slide is made of tin sheet. In front of it, a small 
platform is arranged. The upper plate of the platform moves up 
and down with the help of 4 springs. A shaft attached to the upper 
plate comes down through a hole in the lower plate. It is connected 
to a flywheel, which transforms this up, and motion into rotational 
motion. When the children climb the ladder of the slide, they gain 
potential energy. When they begin to slide the potential energy is 
transformed into kinetic energy. When they land on the platform 
it goes down and when they rise it comes up. This movement makes 
the wheel go-round and it rotates the generator to produce 
electricity. 



Working of the Swing 

While playing in the park, the children sit in the swing and make 
it move to and fro kicking the ground with their legs. The swing is 
attached to a horizontal shaft above the supports. The two ends of 
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Lift Pump 



Fig. 1.1(d) 

the shaft are bent in opposite directions. As the swing moves the 
two ends move up and down. A lift pump is attached to each end, 
The piston in the lift pump moves up and down lifting water as 
the swing goes to and fro, from underground. This water can be 
used for the growing plants in the park. 

Application 

If all the parks in towns and cities in our country adapt the above 
method, the demand of electricity will be gradually reduced in the 
long run. 

References 

1. Source Books of Science 

2. Science Magazines 

3. Newspapers 
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Direct to 
Home School 



Students 

Abdul Wahid Khokhar R K. Gharshala Vinay Mandir 

Naman Kishor Bhal Makwana Wagha Wadi Road 

Parimal Chowk 
Bhavanagar 364 001 
Gujarat 

Teacher 

Mahendrabhai Devjibhai Heramba 


Introduction 

In rural areas as well as in hilly areas, seashore or remote areas, 
cable and land transmissions are not easily available. It is also 
difficult to receive Educational TV channels direct to the schools 
in these places. Therefore, it was thought worthwhile to make a 
model in such a way so that Educational TV channels may be 
received and sent direct to the school. 

The Scientific Principle Involved 

The scientific principle is that to receive Ku band electromagnetic 
waves from the satellite downlink stream and after amplifying and 
decoding it is provided to the TV set. 

Material Used 

1. Tin aluminum sheet and nut bolts have been used to 
construct a 60 cm dish antenna and some electronic circuits 
using various ICs and capacitor-resistors with some cables. 

2. Another model ha s been made with umbrella. 

- Parabolic curve of rain umbrella is used to receive Ku band 
satellite TV signals. 
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Construction and Working of the Exhibit 

The construction of this exhibit is explained in the diagram given 
below: 


60 cm Ku 
Band Dish 


DTH System 


Colour 
TV Set 



Receiver 


LNB/Feed home 



Fig. 2.1 


Applications 

It is very much useful to the educational Instutions, schools, remote 
and rural areas and solo home users to receive educational and 
entertainment TV channels directly to home. 

References 

1. Cable 'IV Samachar Monthly 

2. Guide to Satellite TV by D.J. Stephenson 
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Multipurpose Agricultural 
Sprayer 



Student 

Siddaimna Revannasiddayya 


Late Malkappa 
Halakhed Government 
High School, Yadaga 5S8 312 
Tq Sedam, District Gulbarga 
Karnataka 


Teacher 

Sadananda Kumar G V 


Introduction 

In a survey conducted by the students oh’ Yadaga High School, 
Sedam found that at present the fanners of Gulbarga District are 
using two types of sprayers. One type of the sprayer has a capacity 
of 1-2 litre which runs on a battery. This sprayer being of low 
capacity has to be recharged frequently. 

The another type of sprayer used by the fanners is of the 15 
litre capacity, which is operated manually. In this type of the sprayer 
both hands get engaged while spraying Insecticides. This sprayer 
made of brass, is too heavy. Hence, spraying insecticide with this 
pump is a tedious job. 

This motivated us to improvise a sprayer which is lighter, easy 
to use and has a reasonable capacity. In this model, the motor 
operated garden wiper has been used to operate this multipurpose 
sprayer. 

Material Used 

A 5 litre plastic can, a motor operated garden wiper, a plastic pipe, 
an aluminum pipe, a battery (12 Vj, a DC motor, a sprayer and 
wires. The total cost of these items is approximately Rs 220. 

Construction of the Model 

The mouth of a plastic can of 5-10 litres capacity is fitted with a 
one holed cork. A plastic tube is then inserted through this cork, 
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the another end of the plastic tube is connected to inlet of a wiper 
motor. Outlet of the wiper motor is connected through a plastic 
pipe that opens in the cup of the sprinkler, which can be rotated 
by a DC motor. A battery is connected to the wiper motor and the 
DC motor is attached to the spnnkler with a switch. 

The Principle of Working 

The plastic can is filled with the insecticide solution. When the 
current is switched on, the wiper motor lifts the insecticide through 
the plastic pipe into the cup of the spnnkler. The DC motor attached 
to sprinkler to makes it rotate so that the insecticide gets sprinkled 
over the crop over a circular area. 

Advantages of the Model 

Some of the advantages of this model of sprayer over those available 
to farmers in Qulburga are that, it can be used to sprinkle 
insecticides over a larger area with one filling due to higher capacity 
of its container. Moreover, it spnnkles same volume of insecticide 
over a larger area, which saves cost and minimises wastage. It is 
economical and labour saving. 



1. Plastic Can 
4. Plastic Pipe 
7. Sprayer 


2, Plastic Pipe 
5. Aluminium 
8 Wire 


3. Wiper Motor 
6, DC Motor 
9. Batteiy 


Fig. 3.1 
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Fully Automatic 
Railway Gate 



Students 
Mridul M. 
Sruth J V. 


Teachers 

Anil Kumar V 
Shaj K. 


Rajiv Gandhi Memorial 
High School 
Maker!, PO Thalasseiy 
Kannur 670 692 
Kerala 


Introduction 

Railway crossing creates a dreadful picture in our mind, if it is not 
guarded by a gateman. Unguarded crossings naturally lead to 
accidents. Situation becomes more awful in remote areas where 
railway crossings are not guarded at all. Keeping this in view it 
was thought to make a model m such a way so that gate may 
close and open automatically with the passing and departure of 
train near the railway crossings, 

The Scientific Principle Involved 

The arrival of the train can be detected at a fixed distance from the 
railway level crossing by using a device. Here a leaf switch device 
is arranged at a fixed distance (half or one km) from the railway 
crossing. A pair of such devices are arranged for the to and fro 
journey. The impulse from these devices are brought to the control 
unit. According to the impulse, the four switches in the control 
unit work by the activity of electromagnets arranged there. These 
switches control the signal lights, buzzer and gates. 

Material Used 

Toy train and its rail, DC motor unit of a toy car, leaf switches, 
buzzer, LED transformer coil, 12 V transformer, plywood, 
thermocole, nail etc. 
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Construction 

We fixed the rail on the plywood and then the gates were placed at 
a suitable places. Road and signal posts were also arranged at 
appropriate places. The leaf switches also placed at required along 
the rail distance. Some modifications have been done m the train. 
The control unit has been fixed at a suitable place and required 
wiring has been done. 

Working 

When the train reaches at particular' point, a switch works and it 
induces some activities in the control unit. Two switches operate 
and electricity flows to the signal light and buzzer. Then within a 
short period (20-30 seconds) the gates slowly close. After passing 
the railway cross, when the train reaches a definite distance from 
the gate the other leaf switches work and that makes some activity 
in the control unit. Signal changes and the gate opens slowly. 

Applications 

This automatic gate system can be successfully applied in these 
unguarded railway crossings. Compared to other such devices 



* L„ 4 , L a , L„, L 6 , L 6 — Leaf Switches 

* S,, S 2 , S 3 , S„ — Signals 

* G,, G 2 — Gates 


rig. 4.1 
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this system can be implemented at a very low cost. Besides this 
system works in DC volt, so we can use either battery or power 
supply. Moreover in remote areas we can depend on solar 
panels also. 

References 

1. Electronics for you 

2. Science Reporter 

3. Elektor Electronics 
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Environment and 
Pollution 



Student 

Tanvi Mahesh Thakur IES Modem English School 

S.K. Bole Road 
In front of Portugese 
Church, Dadar (West) 
Mumbai 

Teacher 

Jyoti Vikas Gawde 


Introduction 

Nothing on the earth is wasted. Do you know garbage or waste 
process electricity? Likewise child thought can be given for the 
conversion of sewage or waste into somewhat clean water or usable 
water. It can be used for any purpose other than drinking, bathing, 
cooking. 

By an esitmate approximately 3,000 MLD of water is supplied 
by the Mumbai Municipal Corporation. Out of this significant 
proportion is utilised in flushing the toilets, gardening, washing 
the vehicles etc. If the treated sewage water is used for such 
gardening and lawn spnnkling/fountains, flushing of toilets, car 
washing, civil works etc., we can save 1,600 MLD (which is 
nearly 50 per cent of the daily need of Mumbai) of pure potable 
water by which we can save Pis 80 Lakh per day or Rs 292 crore 
per year. 

Material Used 

Empty 20 liter tank, acrylic fish tank with modifications, aerator 
stone, aerator motor, PVC pipes, small acrylic tank, coal, pebbles, 
fine sand and coarse sand, liquid alum, saline tube, empty 
transparent bottles etc. 
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Construction and Working 

Sewage from the sewage tank is allowed to flow in the launder of 
an aeration tank. This launder avoids the turbulene and thereby 
gives constant velocity for the sewage m the aeration tank. The 
sewage contains bacteria, which need oxygen as well as organic 
food to survive and multiply. The oxygen is supplied to the sewage 
byway of aerator, stones and motors. 

Sewage contains organic as well as inorganic material. The 
inorganic material gets settled down in the grit chamber and the 
sewage in the aeration tank contains only organic material The 
bacteria presents in the sewage eats up the organic material and 
starts multiplying. The sewage from aeration tank is allowed to 
flow into secondary settling tank. The sewage has a holding period 
of 6-8 hours in the holding tank. The bacterial colony and some of 
the suspended solids get settled down in the settling tank. This is 
called as sludge. This sludge contains activated bacteria and 
therefore is recirculated back into the inlet or the aeration tank. 
The sewage further flows through a channel, which has baffles. 
These baffles restrict the suspended solids and also channelise 
the flow. This channel is activated by drops of alum doser. The 
alum doser helps to settle the further suspended solids. The sewage 
then flows into gravity filter, which contains pebbles, coal, coarse 


Raw Sewage* — 



<■ Spent I.V 
Bottle 


Gravity Filter 


Aefa; 

Hopper Bottom 


Sand 

Pebbles 

Coal 


FVC Tubepo-, u 

MotSP Slu ^ e 0utlet 

(to Aeration Tank) 


tear Water 


Fig. 5.1 
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sand and fine sand. The clear water, which comes out from the 
filter is collected into a transparent water bottle This water has 
good qualities and we can utilise this water for purposes other 
than dunking, battling and cooking. 

If such a project of cleaning the waste water is launched in 
every city, then we can solve the problem of potable water to a 
great extent. 

References 

1. Biological Process by Matcaf Eddy 

2. Manual for Sewage by Centre for Public Health Engineering 

3. Sewage and Sewage Treatment by Garg 


Jawaharlal Nehru National Science Exhibition for Children 2005 


15 



Krishimxtra 
Multipurpose Machine 



Student 

AbhijeetTukaram Pokamekar 


Teacher 

Krlshnat Bhau Charapale 


Bhogawati High School, 
Shahunagar, Parlte 
Tal-Karveer 
Dlstnct Kolhapur 
Maharashtra 


Introduction 

The fertile land of Bhogawati valley was brought under irrigation 
by the great king His Highness Rajashn Shahu Maharaja of 
Kolhapur The farmers in the valley practice to cultivate crops like 
groundnut, sunflower etc. But due to non-availability of labours 
and the wages to be paid, the fanners can hardly make desirable 
money out of these crops. 

This problem of the farmers led me to design the equipment 
(model) which would solve the difficulties of the farmers. 

Material Used 

The equipment (model) is designed using the following parts: 
Handle, gears, shafts, axle, fan, grinder, drum of iron trellis, two 
bearings, water pump, foot valve, rubber pipe, spraying device, 
sprinkler, wind fan, iron angles, handle, washer, nut-bolts. 

Design cf the Equipment 

Hollow circular steel trellis cylinder of proper size is fitted on an 
axle and the whole system is supported by steel stand with the 
help of bearings. The equipment consists of a system of two gears 
i.e. small one is fitted on the axle of one end and large one on the 
steel frame of equipment (see Fig. 6.1 (a) and 6.1 (b). The whole 
system is operated by a handle. 
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While the equipment is used for the purpose to detach 
groundnuts from mother plant, four steel angles of proper size 
are mounted on circular steel trellis. To meet the nature of work 
involved, on the opposite side of the gears, various devices such 
as wind fan, sharpening grinder, a pulley and the water pump 
can be operated with the help of V belt. 

Working of the Equipment 

(i) Groundnut detachment from the mother plants: The tail part 
of the groundnut is hold on running metal iron trellis 
(supported by angels). When the trellis is rotated the 
groundnuts are detached from the mother plants by the 
process of collision veiy effectively. This work is performed 
on the farmyard. Hence, the waste part of mother plants can 
be used in the formation of organic manure. Only three 
labours can run this equipment. It is so efficient that in an 
hour three quintals of groundnuts can be separated. 

(ii) To separate beans of sunflower: Half dried sunflowers are 
hold on the running iron trellis of equipment. Upon rotating 
the trellis beans of sunflower are separated due to collision. 
Unwanted plants of the sunflower are removed automatically. 
This work can also be done in the farmyard so that waste 
parts of the sunflower plant can be used for making the 
organic manure. Again three labours can separate half a 
quintal of beans in an hour. 

(iii) To separate beans of crops with wind effect: For the above 
purpose a fan is attached to the equipment. When the fan 
rotates, the wind runs and the beans of the crops are separated 
from waste part (husk). 

(iv) To sharpen the agricultural tools: The agricultural tools, 
which are used for cutting purposes, can be sharpened with 
the help of grinder attached of the axle of the equipment. 

(v) To run the water pump: With the help of pulley attached to 
the axle, a small water pump can be ran. A watercourse full 
of half-inch bore pipe can be obtained, This device can also 
be used for water sprinkling system in the farm, nurseries, 
green houses, gardens etc. 

(vi) To spray the pesticides and weedicides: The above discussed 
half inch bore pipe can be extended by attaching rubber pipe. 
The nozzle of desirable strength is fitted in the mouth of the 
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rubber pipe. The suction of rubber pipe is kept in the solution 
pesticides or weedicide and the equipment can be run to 
obtain the spray. The spray of the nozzle goes up to 15 feet 
radial distance. This device can be used in nursenes, gardens 
and fields. 



Fig. 6.1(b) 


The total cost of the equipment is approximately FIs 1,000 
(Rupees one thousand) only, hence, it can be useful and 
economical aid for the poor fanners. 
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Solar Tracking Power 
Generation System 


Student 

Anwesha Das 


Teacher 

Pradeep Kumar Mishra 


St Anne’s Convent School 
Block Chowk 
Sonepur 

District Subranpur 767 017 
Onssa 


Introduction 

In the 21st Century the biggest issue of concern for the mankind 
is the energy management sector. Optimisation of energy 
production from renewable sources is a must to meet the ever¬ 
growing demand. Solar energy is the most promising, reliable and 
ever lasting renewable source whose production is to be optimised 
and made cost effective, so that it can practically replace the 
conventional sources in the long run. This project aims at 
maximising the production of electricity from a given solar panel 
by adopting certain scientific principles. 

The Scientific Principles Involved 

The solar panel contains a series of solar cells connected with one 
another in a senes. They capture energy from the sun and convert 
it into electrical energy. Each solar cell is made up of sandwich of 
two materials called semiconductors such as silicon (most 
commonly used). Each material is made of millions of atoms. As 
we know, atoms have a positively charged nucleus and negatively 
charged electrons spin around it. Sunlight is composed of photons, 
which can be considered as packets of energy. When photons strike 
a solar cell, some of them are reflected and some are absorbed. 
When a photon is absorbed, its energy is transferred to an electron 
in an atom of the cell. As a result the electron escapes from its 
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normal position. In the process, the electron levels behind a hole 
(+ve charge). This is called photovoltaic effect. 

The simplest solar cells have 3 active layers made of 
semiconductors (silicon). The top layer is negative type (N-type) 
and the bottom layer is positive type (P-type) with an absorber 
layer in between called P-N-junction, which creates the electric 
field inside the cell. This electric field provides the voltage needed 
to force the electrons and holes freed by light absorption to flow in 
their own directions (the electrons to the N-type side and holes to 
the P-type side). If we provide an external current path, electrons 
flow thr ough this path to the P-type side to unite with holes doing 
work for us along the way The electron flow provides the current 
(I) and the cell's electric field causes a voltage (V). With both current 
and voltage, we have power (P), which is the product of two. 

P= 1 xV 

An important feature of solar cell is that the voltage of the cell does 
not depend on its size and remains fairly constant with changing 
light intensity. However, the current is almost directly proportional 
to light intensity and size of the panel. Hence, the power generated 
from a given solar panel is directly proportional to light intensity 
and size of the panel. 

As we know, the solar pannel receives maximum intensity of 
sunlight when it is perpendicular to the sunrays. But conventionally 
as we fix the solar pannel at a particular angle, it does not receive 
maximum radiation through out the day and all the seasons of a 
year. As a result the power production is uneven and far below 
the full capacity of the panel. To overcome these difficulties, we 
have adopted three basic principles. 



Fig. 7.1(a) 
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Noon 


Afternoon 




Fig. 7.1(b) 


1. Daily Tracking 

The earth rotates around its axis once in 24 hours and as a result 
the sun appears to orbit round the earth once in eveiy 24 hours. 
The solar pannei, mounted on a rotation axle, completes one 
rotation in every 24 hours synchronising with the movement of 
hours synchronising with the movement of sun and therefore, 
remains perpendicular to the sun rays throughout the day and 
receives maximum solar radiation 

2. Seasonal Tracking 

The earth orbits the sun once a year and the axis of earth is titled 
roughly 23°. As a result the mid-day sun is not always vertical 
throughout the year and charges its angle according to season in 
the northern hemisphere during the equinoxes (March 21 and 
September 23) the sun maintains an angle towards south equal 
to the latitude of an area (21° approximate for our place). 
Gradually, the angle increases as we proceed towards winter 
solstice (21°+15°) and decreases as we produced towards summer 
solstice (21°-15°). So, the tilt angle of the solar panel should be 
adjusted accordingly during different times of the year to receive 
maximum solar energy. 
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Vernal Equinox 
(March 21) 



(September 23) 





Summer 

Solstice 


(Latitude+15°) 
(Latitude) 

(Latitude-15°) 


3. Use of Reflectors 

Another aspect of maximising production is the use of reflectors. 
Unlike the fixed type of solar panels, in this tracking type, as the 
panel is always facing perpendicular to the sunrays, reflectors 
can be mounted around the panel at fixed angles so that they 
reflect and converge maximum solar radiation on the surface of 
the panel. 
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Sun Rays 


Solar Panel 


_ Reflector 
\ (Inside) 



Material Used 

Wooden frame, metallic axle, ball bearing 2 No., timing chain with 
spokets, winding clock machine, solar pannel, reflectors, (aUummium 
sheet 2 No.), digital multimeter, rechargable battery, wire. 

Construction and Working 

The working model (see Fig. 7.1 (e)) consists of a mam wooden 
frame with a metallic axle fitted at the top with bearing for free 
rotation. The solar panel is mounted on so that it can freely rotate 
along the axis. The terminals of the panel are connected to the 
rechargeable battery and a digital multimeter with the help of wires 
to record the voltage and current produced by the panel from time 
to time. Two reflectors of equal size made of aluminium sheet are 
mounted on both side of the panel at fixed angle of 120°, so that 
maximum light is reflected on the panel. 

To rotate the axle for daily tracking, we have used the machine 
of a winding clock which is mounted on the wooden frame and 
connected to the axle by chain and spoket arrangement. The small 
spoket is attached to the hour hand axis of the clock and the big 
spoket (double the size of small one) is attached to the rotating 
axle, so that the speed of rotation is 360° in 24 hours (half the 
speed of hour hand of the clock). This rotation enables the panel 
to track the movement of sun throughout the day. To balance the 
weight of the panel fixed at one side of the axle, we have fixed a 
dummy panel (wooden block) at the other side, so that the weight 
is perfectly distributed around the axle and a small clock machine 
can rotate a big size panel easily. 

There is also a provision m the wooden frame to adjust the tilt 
the angle of the panel. The indicator enables to fix the panel at 
desirable angle according to season. Calibrations are made at 
intervals of 5° starting from 0°-90° (both South and North). 


Jawaharlal Nehru National Science Exhibition Jor Children 2005 


23 



Fig. 7.1(e) 


The Experiment 

By using the model, we have conducted one experiment under 
real sunshine to establish the extent of benefit (increase in power 
output) that can be achieved for a given panel by using the model. 
The model was kept on the rooftop and observations were recorded 
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at hourly intervals. During each observation, readings of voltage 
and current produce by the panel at tracking position were 
recorded and compared with the corresponding reading of a 
similar panel in conventional (fixed) position, which is given in 
the following table. 


Observation Data 



Conventional Fixed 
Position 

Solar Tracking 
Position 

Increase (96) 


Current 

Voltage 

Power 

Current 

Voltage 

Power 

Current 

Voltage 

Power 


in Amp.ffl 

(V) 

IP) 

in Amp 

(V) 

IP) 

mAmp 

M 

IP) 

ffii 

0 13 

11 12 

1 45 

0 372 

11 78 

4.382 

186 

5 

233 

m 

0.21 

11 14 

2.34 

0.502 

12 36 

6 204 

139 

10 

165 

m 

0 29 

11 68 

3.39 

0 648 

12 38 

8.022 

123 

5 

136 

10 00 
A.M. 

0 40 

11 86 

4 74 

0.78 

12 42 

9.688 

95 

4 

104 

11 00 
A.M. 

0.51 

12 02 

6.13 

0 912 

12.48 

11382 

78 

3 

85 

12 00 
Noon 

0 56 

12 06 

6 75 

1.02 

12 68 

12 934 

82 

5 

91 

1.00 

P.M 

0.47 

11.78 

5.54 

0 9 

11 96 

10 764 

91 

2 

94 

2.00 

P M. 

0 35 

11.45 


0 792 

11.73 

9.29 

126 

2 

132 

3 00 

P M 

0 25 

11 36 

2.84 

0 672 

11.65 

7.829 

168 

3 

175 

4 00 

P M 

0 11 

11 23 

1.24 

0 324 



194 

3 

203 

5 00 
P.M 

0.04 

11.09 

0.44 

0.12 

11 58 


■ 

■ 

215 


Average power production (a) Conventional (fixed) position 3 53 watt 
During the day, (b) Tracking position 7 79 watt 


Increase in Power Production: 120% 

By comparing output powers we could compute the percentage 
increase in tracking position against the normal position. It is clear 
from the table that during the early morning and late afternoon 
hours, the increase is maximum (more than 200 per cent). However 
during mid-day hours the difference is smaller. But overall there 
is a significant increase in production of power (120 per cent). 
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Application 


As the power production increases significantly with a small 
additional investment, this model will be very cost effective in the 
long run and help to mitigate the energy crisis. This can be adopted 
for individual household as well as small community projects 
particularly in rural areas. A series of solar panels can also be 
mounted on a long rotating axle with reflectors fixed to them for 
large scale production. 

References 

Internet 

www.howstuffowrks.com 

www.flasolar.com 

www.solatracka.com 

www.volunteermatch.org 
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Optical Fibre Communication 
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Student 
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Teacher 

Kulwant Singh 


Introduction 

State-of-the-art technological devices used in the digital storage 
and transmission techniques for better quality in storage, retrieval 
and communication of information. Optical fibre communication 
has a definite edge over other forms of worldwide communication 
techniques in speed, reliability, noise-reduction and compactness. 

Scientific Principle Involved 

An optical fibre communication works on the principle of total 
internal reflection. When light travels from a denser to a rarer 
medium, at an angle of incidence greater than the cntical angle for 
the two media, it gets reflected back into the denser medium. So, a 
signal can be transmitted through such a fibre at a long distance, 
very faithfully. 

Material Used 

l^pe I single core optical fibre cable (10 m long triple layered with 
finished ends). Optical transmitter (source) bright red LED (housed 
in an enclosure fitting into the OFC finished end), optical receiver 
(sensor) as a light sensitive diode housed in proper enclosure with 
pulse amplifier, ordinary telephone set with keyboard set in the 
pulse mode, a chip on board of a toy gun, a small audio amplifier 
(IC 1895) based, with dynamic mike, two digit counter module 
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based on IC CD4033, a small audio amplifier to show reproduction 

of data/sound, two 6 V batteries. 

The Communication System Includes 

1. Transmitter having on human interface, a data promoter 
and an optical source (bnght red LED), 

2. A four layered optical fibre cable (as a transmission medium) 
consisting of doped silica fibre core, cladding that has slightly 
lower refractive index than that of the core material (also 
known as primary coating), the sheath and a protective water¬ 
proof coating or jacket. 

3 Receiver assembly consisting of a photo-diode as an optical 
sensor and an amplifier, a data decoder and an output 
interface (speaker, television set etc.). 

Working 

Part I: Data Mode Communication 

The Transmitter 

1. Input interface is usually a telephone set keyboard through 
which the number is fed to the machine for further processing. 

2. Data processor: Dialer, in the pulse mode, produces digital 
pulses equal in count to the number pressed each time. 

3. These pulses are sent to the transmitting LED which convert 
them mto light pulses corresponding to the information. These 
optical pulses are made to travel through optical fibre. 

The Receiver 

1. Optical Sensor converts the light pulses into electrical pulses. 
These are amplified by an in-built amplifier. 

2. Data Decoder: Two counter IC's CD-4033 count these pulses 
and fed them to displays. 

3. Output Interface: two seven segment displays convert the 
electronically recognisable numbers important to 
respondence the transmitted information. 
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Part II : Digital Sound Communication 

The Transmitter 

A chip-on-board from a toy gun produce electrical pulses as directed 
by the operator, by a selector switch. These pulses are contained in the 
memory of the chip, which are amplified by a transistor in the board 
itself and fed directly to the transmitting LED. 

The Receiver 

Amplified electrical pulses from the sensor are fed to the pin 4 of 
the IC : 1895 which amplifies these pulses and the output at pin 1 
is fed to the speaker, which is the human interface. The 
same digital sound of chip on board is reproduced at the 
receiver end. 



Fig. 8.1 
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Part III : Analogue Wave form Voice Communication 

The Transmitter 

A microphone picks up voice and the signal is amplified by an 
audio amplifier, IC 1895. A network feeds the output to the 
transmitting LED (special precaution for analogue waveform) which 
transmits continuously pulsating light into the optical fibre to be 
transported at desired destination. 

The Receiver 

It is same as the receiver of digital sound communication. 
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Mathematical Teaching Aids 



Student 

Mukesh Mishra 


Teacher 
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Punjab 


Introduction 

Good and effective teaching involves developing the art of teaching 
so nicely that the process of learning becomes an enjoyable 
experience for the teacher as well as taught. The present model is 
an effort to achieve the above goal i.e. to teach and learn about the 
mathematical concepts. 

Scientific Principle Involved 

The main objective behind the preparation of this model is to make 
the students clear about concepts of mathematics with the help of 
teaching aids. 

Description and Working 

A brief description of the design of each one of the teaching aids 
the materials required and how it can facilitate teaching of 
mathematics is given below: 

1. (a - b) 2 = a 2 + b 2 - 2ab 

This teaching aid is for elementary students for clearing the concept 
of an algebric identity 

(a -b) 2 = a 2 + b 2 - 2ab 
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Fig. 9.1(a) 

For this purpose, we prepared one square side of 'a' units and 
another of side 'b' units and two rectangles, take two rectangles 
each of sides a and b. When the student will add two square and 
out of them, square of side (a-b) units left behind. Thus, having 

(a - b) a = a 2 + b a - ab - ab i.e. (a - b) 2 = a 2 + b a - 2ab. 

In this way students will learn while playing. 

2. Teaching Aids Regarding 

(i) Vertically opposite angles are equal; (ii) locus theorem: In 
this teaching aid, we take three wooden sticks. The three sticks 
are fixed at the middle of each with the help of nail. Also here 
a round protector (D) is fixed in the middle. Now: 

(i) When two sticks are a parted from one side there will also be 
a parted from the other side. With the help of a protector (D), 
one can measure the angle on one side and then on the 
opposite side. He will find that they are equal. This process 
can be repeated by varying the displacement and it will be 
found that the angles at a point on either side are equal. 
Hence, it will be found that the vertically opposite angles are 
equal. 

(ii) When the third stick is used as the bisector of vertically 
opposite angles. On this third stick we fix three nails. From 


32 


Structure and Working of Science Models 




Fig. 9.2(b) 


these, three nails we fix the threads in such a way that they 
are perpendicular to the other two sticks. Now measure the 
perpendicular distance on the either side of the third sticks. 
These distances will be equal. 

Again, when the distances are equal and we measure the angles 
of third stick with other two sticks, the angles will be equal i.e. the 
third stick is bisector of the vertically opposite angles Hence, the 
locus theorem is proved by play way method. 

3. Sum of Angles of a Quadrilateral is 360 

Take a piece of a thermocol and cut it with the h elp of a knife to 
make a quadrilateral. With the help of compass draw angles on 



Fig, 9.3(c) 
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the four comers of the quadrilateral. Now cut these arcs of the 
angles with the help of knife very carefully. Join their edges at one 
point. It will be found out that a complete round figure is made. 
With the help of protector (D) measure the angle. It will be 360°. 
Thus, it is leamt through play way method that Sum of angles of 
a quadrilateral is 360° i.e. four right angles. 

4. Different Types of Triangles (in relation to angles only) 


•E 

•C 

•D 



■A 


"B 


Take a wooden board. Fix five nails on it as shown m the figure. 
Pass rubber band over three pins A, B, C, CA, AB, BC will be 
straight. Measure the angle at A. It will be 90°. Hence triangle is a 
right angled triangle. Again, when the same rubber band is pas 
over points A, D, B, a new triangle will be formed. Measure each 
angle. Each will be less than 90°. Therefore this is an acute angle 
triangle. When rubber band is passed over A, B, E, then angle at A 
will be greater than 90°. It will be obtuse angled triangle. 



Fig. 9.4(d) 


5. Tangents to Circles 

With this teaching aid, by play way method, we try to clear the 
concept of tangent to the circle. For this we have some straight 
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Fig. 9.5(d) 


wooden sticks and two different wooden circles. First, student will 
take one circle then two circles. While taking two circles 
(i) When circles touch externally 
(il) When Internally; 

(iii) Apart some distance. 

In all these cases students will try to make tangent as many 
number as possible. Now when the circles are apart, then he will 
find that only four tangents are possible to be drawn. Then we will 
tell the students that when we join the centre of the circle with the 
points of contact, then this line is perpendicular to the radius and 
this is known as tangent. 

6. This is very interesting teaching aid for Class X students m 
which we try to clear the Concept. 

(i) Angle subtended by an arc at the centre is double the angle 
subtended at the circumference of the circle; 

(ii) Angles in the same segment £X*"'3 i equal. 

We fix five nails on the circumference of the wooden circle and one at 
the centre of the circle. With these nails AB represent the arc. We fix 
two rubber bands around A,0,B, and A,C,B AOB and ACD will be 
formed. Measure angles with the help of protector (D). We will find 
that the angle at the centre is double of the angle at the circumference. 
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Fig. 9.6(e) 

Secondly, we fixed two rubber bands at the circumference of 
the same side of the circle from two fixed points. When we measure 
these angles, we will find that they are equal. 

7. Triangle Inequality 

This teaching aid is for pre-elementary class students and it is 
very interesting for them to construct triangle i.e. to clear the 
concept of the sides of the triangle. With the help of which triangle 
can be formed. To attract the attention of the students we take 
three set of strips of different colours like blue, green, red etc. In 
one set. total length of two strips in second set the total length of 
two strip is equal third strip and in the third set length of any two 
strips is greater than the third .When the students will try to form 
the triangle in play way method they will come to know that triangle 
will be formed only when the sum of lengths of two strips is greater 
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Fig. 9.7(f) 


than the third. To make it more attractive we fix these different 
coloured strips as shown in fig. 9.7(f). 

8. Area of the Circle 

This teaching aid has been prepared for the students of elementary 
classes. We know that area of a circle is nr 2 . For this we took a circular 
piece of thick paper. The circumference of the circle is 2nr 2 . We fold 
the circular paper to half, then again to half in this way we divide 
the paper in 32 parts. Then we cut these parts and joined all these 
parts in such a way that one pointed part downward and next 
upward as shown in the figure. In this way we form a rectangle. The 
smaller side is equal to the radius(r) of the circle and the longer side 
is the half the circumference of the circle i.e. ttt. Now the area of the 
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Fig. 9.8(g) 

rectangle is the product of length and bnadth that is mrxr or tit 2 
which is the area of a circle of radius r. 

9. Sum of Angles of a Triangle is 180 

This teaching aid has been prepared for the elementary students 
to clear the concepts that the sum of angles of the tnangle is 180° 
by learning while playing. 

For this a triangle is cut from the card board and its angles are 
marked as A, B, C and this triangle is fixed on the board. 



Fig, 9.8 
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Again, a triangle of the above size is cut out of paper or chart 
sheet. Then we fold the vertices of the triangle in such a way that 
after folding the Vertices meet at one point as shown in the 
photograph. Protector (D) is placed on that point and the angle is 
measured. This will be 180°. 

Drawing any triangle on chart sheet one can also clear this concept. 
It’s angles are marked with the help of coiripass. Now these angles 
are cut with any sharp knife. They are placed in such a way that the 
vertices of the triangle meet at one point. Measure the angle with the 
help of protector it will be 180° Now the above concept is very clear 
to the students that the sum of angles of a triangle is 180°. 

Note: We have also prepared the teaching aids to clear the concept of 
Pythagoras theorem and Its applications 

Reference 

Mathematics Books by NCERT of classes upto secondary level. 
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An Ultra-Tech 
Roof 


® Students 

K Namesh 
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Teacher 
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Introduction 

In the modem world when the population is crossing its barriers, 
the three basic materials have become most important for survival 
— good food, good clothes, and off course a strong house. For a 
house to be strong, foremost importance is laid on the roof as the 
roof is tile part which gets exposed to all the oddities of climate, 
this requires special attention while building a house. India is 
greatly influenced by monsoon and high velocity of winds. It gets 
exposed to thunderstorms and winds of high velocities in the hilly 
areas and cyclones, hurricanes and tsunamis in the coastal areas. 
Due to this our country often suffers by devastating effects of 
natural phenomenon. The recent one was the killer tsunami 
affecting the whole of south-eastern Asia. The house thus requires 
a firm base for sustaining in these conditions. Thus our purpose 
behind the construction of this model is to make such a roof, which 
will serve multiple purpose of protecting the house from storms, 
hurricanes, and other serious weather phenomenon besides 
helping in rain water harvesting. 

Aim of the Model 

Construction of an indigenous ultra-tech roof which can withstand 
winds of high velocities and also other, diverse weather 
phenomenon, besides helping in water conservation. 
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Scientific Principle Involved 

When strong winds of a hurricane strike a house, usually it is the 
roof of the house that is first blown away. Then, without the joists 
that hold the tops of the walls together, the walls fall down. The 
idea is that the horizontal pressure of the wind could slip the roof 
sideways of the substructure unless it is securely, fastened to it. 

In some cases, the roofs are not slipped sideways, but rather 
lifted upwards. In effect the two slopes of a roof form an airfoil, 
which, although not as efficient in shape as that the wings of an 
airplane, is still sufficient to lift the necessary tonnage needed to 
the roof and its attachments, from the substructure. 

During a 'category five' hurricane the lift could be up to 100 
pounds per square foot. This calculates out to be about 100 tons, 
and is thus in all likelihood more than the weight of a normal 
house and its foundation. 

Material Used 

Wood planks, plywood, iron nails, paint and plastic sheet. 

Construction 

For building a house, mam emphasis has been laid on the roof. 
The roof has been mainly constructed by using wood, plywood 
and plastic sheet. The base structure has been firmly constructed 
by using wood to provide support to the roof. The plywood has 
been laid on the wooden frame and as seen, it is a double layered 
structure with a plastic sheet in between so as to minimise the 
effect of pressure of wind and seepage of water. A curved fin has 
been made on both the sides of roof and this is firmly attached to 
the base walls. The roof has been gradually flattened with the 
reduced angle of steepness, to prevent it from attaining 
aerodynamic property like the wings of an aeroplane. The design 
of the roof is well suited for rain water harvesting and therefore 
rainwater pipes have been constructed on all the sides. For houses 
in the coastal areas, the second layer of the roof is made slightly 
sliding so that it can be easily brought down to prevent the hitting 
of waves to the walls directly. The beam under the roof has been 
constructed as a thick layer for minimising the effect of earthquake. 
The chimney has been constructed in almost vertical position and 
has a V shape, in order to minimise the pressure on the roof. 


Jawahartai Nehru National Science Exhibition for Children 2005 


41 















0 Introduction of a curved fin at the side instead of a vertical 
one: The force per unit area will decrease leading to the formation 
of a stable roof structure and also the wind passing would just 
glide through the fin instead of seriously harming it. 

@ Use of a strong binding material such as rope or a strong 
adhesive and also the use of 6-8 pms per sheet instead of 
usual 4. 

e Use of Ceramic or stronger alloys of tin as a construction 
material instead of the regular ones. 

« Introduction of a double layered roof with a plastic sheet 
placed in between, such as that of a bullet-proof glass. 

® Wood and glass being insulating materials prevent effect from 
the temperature changes and also, minimise the effect of 
pressure created by the very high-speed winds. 

® Gradual flattening of base means gradual flow of rain water 
and collection of water for conservation from the larger area. 
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Teacher 

Rajib Biswas 


Introduction 

Our grand parents in the remote hilly terrains have been using 
this inhalation technique for years, which provided a lot of comfort 
to them. Since, physicians often prescribe vapour therapy for 
ailments like cough and cold, disorders related to respiration 
including asthma. For such a treatment, this device would be very 
useful and handy as the raw materials are cheap and easily 
available. Moreover, this device minimises loss of vapour as 
encountered m other systems. 

Scientific Principle Involved 

Formation of vapours and their movement through cylinders and 
tubes using hot water along with leaves and tuber of meicinal 
plants is poured inside the lower cylinder of the device. 

Material Used 

One narrow bamboo cylinder with one end open; one wide bamboo 
cylinder with one end open; two slender bamboo tubes; two stop¬ 
cocks made oi bamboo; fresh leaves of pudina, baska, tulsi, 
kalamus, baru haldi, pieces of ginger, kalajeera, hot water etc. 

Construction 

Two bamboo cylinders of slightly different sizes are cut-out in such 
a way that one end of each cylinder remains open (i.e. one 
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nodal-disc persists inside each of the bamboo) (Fig 11.1) But the 
open end of the wide cylinder should be cut at least 9 cm above 
the node and its nodal disc should be drilled open in such a way 
that the open end of the smaller cylinder fits and rests on it. Thus, 
the smaller cylinder acts as the upper cylinder and is inverted on 
the wide lower cylinder then. One oblique incision is made carefully 
in each bamboo. The holes are made about 11 cm and 15 cm 
apart from the nodes of the upper and lower cylinders respectively. 
One bamboo tube is introduced tightly through each of the holes 
at approximately 30° angle to the cylinders so that no air or water 
could leak through the holes. In the lower cylinder tube is pushed 
in at least 4 cm and its outer end extends above the level of the 
mouth of the cylinder (see Fig. 11.1) 

Working of the Device 

The apparatus is thoroughly cleaned and rinsed with hot water. 
Then boiled water and herbs as mentioned earlier are poured into 
the lower cylinder through its open mouth. At least 5 cm of space 
from above is left empty. The upper cylinder is inverted and tightly 
fitted into the rim of the lower cylinder. Steam produced is collected 
in the upper cylinder. The only outlet of the vapour or steam is 
through the tube fitted on the upper cylinder. Atmospheric 
pressure required for continuous outflow of vapour is exerted 
through the lower tube, provided its lower end is completely 
immersed in water. Now, one has to feel temperature of the vapour 
(45-50°C is preferred) and has to suck the vapour through the 
upper tube, hold the breath and expire through the nostrils. It 
would be repeated as per requirement. 

Application 

This device is an efficient and handy domestic therapeutic tool 
against ailments like common cold, sinusitis, tonsillitis, 
pharyngitis, etc. It works in two ways; firstly, the hot steam 
provides a soothing effect on the epithelial layer of the affected 
area of pharynx, sinus, etc. Secondly, the herbs are supposed to 
enhance such effect and some of them also act as good 
decongestants. 
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The device can be easily made at home and is very easy to 
use. Any healthy person or patients suffering with such 
naso-pharyngeal disorders can use it as a therapeutic tool after 
consultation with the physician. 



Fig. 11.1 
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Introduction 

Conventional energy sources are depleting very fast. The present 
model is a sincere effort towards the use of solar energy for various 
mechanical works in the field of industry, agriculture and rural 
domestic work. 

The Scientific Principle Involved 

Solar radiations of large area are concentrated on the small area 
of steam tank with the help of concentrators. As the temperature 
of steam tank increases, the water is converted into steam. It is 
then released at high pressure and used to run turbine. 

Construction and Working 

Solar energy can efficiently be used to produce steam instead of 
highly polluting and consumable sources like coal, diesel, LPG. 
Cold water is passed through copper pipe arranged in coil form 
and kept in a glass box. It is placed in sun light so that the water 
will be heated. The hot water is then passed into a steam tank. 
Solar concentrators made of concave mirrors concentrate heat 
energy of the sun light on the steam tank. The temperature of 
steam tank increases gradually and water gets gradually converted 
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into steam. A constant critical temperature in the steam tank is 
achieved to produce steam at a constant rate. When the amount 
of heat lost by radiation at a temperature equals the excess amount 
of heat incident at that temperature, steam tank attains a constant 
critical temperature. With the increase in amount of incident heat 
energy the radiation loss also increases. 

The steam so produced is allowed to pass through a pipe and 
used to run the turbine. The rotatory motion of turbine is used to 
perform various mechanical works. By coupling the turbine to a 
dynamo, electricity can also be produced. 

Solar turbine can be used to perform mechanical work in the 
industries, agriculture apart from doing the household works. It 
is effective in summer particularly in the regions of 500 South 
latitude to 500 North latitude. 

Applications 

(i) For grinding grains; 
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(n) To cut pump out ground water. 

(iii) To fodder into pieces 

(iv) For threshing 

(v) In winter, it can be used as a water heater as well as to keep 
the houses warm. 

References 

1. Science and Technology, by NCERT, New Delhi. 

2. Energy - Today and Tomorrow, MIR Publication. 
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Introduction 

The horizontal range of a projectile is maximum when it is fired at 
an angle of 45°. 

Material Used 

Hard board (5‘ x 3'), glue, colourd tapes, bamboo, pnsm, velvet 
papers, thermocol sheets, cutter etc. 

A hardboard (5 1 x 3 j is covered with velvet paper. It is marked 
at 25cm, 50 cm 75cm, 100 cm etc. Now angles of (90°, 75°, 60°, 
45°, 30°, 15°) constructed separately with thermocol sheets. Which 
are fixed on one side of the hard board Then a hollow bamboo 
stick is used for making gun. Small slices of wood of 2" are made 
and used as a bullet. 

Working 

Through this teaching aid we want to show that horizontal range 
is maximum at 45°. Providing we keep the gun at 75° angle and 
bullet is fired where it stnckes the hard board, we place prism and 
measure the horizontal range. We use different angles (60°, 45°, 
30°, 15°) and measure their corresponding horizontal ranges. 
Ultimately, we come to the conclusion that horizontal range is 
maximum at an angle of 45°. 
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Parabolic Path 



Projectile 

\ 


Fig. 13.1(c) 

Observations 

A. The path followed by the projectile is parabolic. 

B. The projectile will have maximum horizontal range when it is 
projected at an angle of 45 s to the horizontal 

Malhematicl Proof 

We know that honzontal range (H.R.) of projectile is given by, 

D u 2 sin 20 

-K ~ 

9 


Y 



Fig. 13.1(d) 
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where, 


u = Initial velocity of body 

0 = Angle of Projection 

g = Acceleration due to gravity (9.81 m/s) 

Here we note that for a given speed u of the object, the value of 
H.R. depends upon angle of projection 0 as g is constant at a place. 
Therefore H.R. will be maximum. 

If sin 2Q = Maximum = 1 = sin 90° 

=> 20 = 90° 

=> 0 = 45° 


C. The horizontal range of the projectile will be same for angles of 
projection 0 and (90°- 0 ) i.e. horizontal range of projectile at 
an angle of 75°(60°) is equal to horizontal range of the projectile 
at an angle of 15° (30°). 


Y 



Fig. 13.1(e) 
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Horizontal Range 


Fig. 13.1(f) 

Mathematical Proof 

Let 90° -0 =0 ' 

_ 0 , u 2 sin 20 u 2 sin 2(90-0) 

9 9 

u 2 sin(180° - 20) u 2 sm 20) 

=---“ H 

9 9 

so the range remains unchanged. 

Applications 

1. In javelin throw, shot put, long jump etc. when an athlete 
keep the body at an angle of 45° with the ground then he 
covers the maximum distance. 

2. In watering the playgrounds, parks, agricultural fields etc. 
when we keep the water pipes at an angle of 45°, then it covers 
the maximum area. 

3. At the time of war the missiles, aeroplanes, gunshots etc. are 
also sent at the angle of 45° to cover the maximum area. 

Definitions 

i. i-rojectile: An object thrown with initial velocity which when 
allowed to move under action of gravity alone is called 
projectile. 
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2. Trajectory: The path followed by a projectile during its flight 
is called trajectory. 

4. Angle of projection: The angle made by the projectile with the 
horizontal is called angle of projection. 

5. Horizontal range: The horizontal distance travelled by the 
projectile during its time of flight is called horizontal range. 

6. Time of flight: The time taken by the projectile to complete its 
trajectory is called time of flight. 
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Introduction 

Spider webs are commonly seen on ceilings and walls of all type of 
domestic and other buildings used for different purposes. The 
cleaning of spider webs is necessary to keep the buildings neat 
and clean, for better look and also to promote health and hygiene. 

The traditional methods of cleaning spider webs are by using 
a soft broom or feathers affixed at the end of desired length of a 
stick or bamboo. This traditional method has many disadvantages. 
By the traditional method person's clothes, machinery, equipments, 
furniture and other such materials in the industrial buildings and 
educational institution etc. become dirty. It is also hazardous and 
inconvenient to the patients in the hospitals during cleaning of 
spider webs in the hospital buildings. 

In view of the above disadvantages of the traditional methods 
of cleaning spider webs, a scientific low cost broom for cleaning 
the spider web has been designed. 

Scientific Principle Involved 

It works on the principle of conversion of electrical energy into 
mechanical energy. It does not involve sophisticated technical 
know—how and can be operated easily. 
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Material Used 

Bamboo (medium diameter) of the desired length, plastic basket 
(hemispherical), DC motor, thin fmger like — wooden projections, 
four diy cells, insulated wire and switch, a small piece of plywood. 

Construction 

A small (6x6 mm) plywood/card board is fixed at the top of a 
bamboo of the desired length say 2mm. A DC motor is fixed at the 
centre of the plywood. The spindle of the motor gets fixed with a 
circular plywood/card board (8cm diameter) disc. About 10 to 
12 numbers of thin and round wooden projections (8cm long and 



Jawaharlal Nehru. National Science Exhibition for Children 2005 


57 



with 1cm diameter) are fixed on circular disc. A hemispherical 
plastic basket (without holes) is fixed in the manner and shown in 
the diagram. The motor is connected to four dry cells (1.5V each) 
and switch. 

Working Mechanism 

The working is very simple. When the switch is on, the motor 
begins to rotate and the circular disc attached to it having finger 
like projections also begins to rotate. The spider webs get twined 
round the finger like projections, The person operating the broom 
can hold the broom at a convenient place to let the finger like 
projections wipe the web. The dust particles are collected in the 
hemisphencal plastic basket attached to the cleaning drive. The 
finger like projections loaded with spider webs need to be cleaned 
from time to time. 

The person's body/clothes and eyes of the person doing the 
cleaning work are guarded against falling dust/dirt particles since 
these are collected in the hemispherical basket. Thus, it is good 
from the health pomt of view also. 
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Introduction 

This model has been constructed to make the students to 
understand easily about the four types of motion m a joyful and 
playful manner. 

The principle involved in this model is the transformation of 
momentum from one body to another body. 

Material Used 

Card board, one inch wide plastic beading, metal wire, rubber 
balls, plastic arrow, toy train, chart paper, colour paper 

Construction and Working of the Model 

An arrow released from the bow hits the ball which is kept on a 
linear track. So the ball gets momentum and rolls straight. This 
motion is called as Linear Motion. The rolling ball transfers its 
momentum to another ball on its way and contmues its motion in 
a zigzag track. This motion is called as Random Motion. Finally, 
its hits the switching knob of the Toy Train which is kept is a 
circular track and switches on the train. The tram rotates on a 
circular path. This motion is called as Circular Motion In the 
meanwhile the second ball got momentum from the first ball, rolls 
little distance and falls on a hook. So the swing boat fixed to the 


Jawaharlal Nehru National Science Exhibition for Children 2005 


59 


book is released and swings. This motion is called as Oscillatory 
Motion. 

Thus one action shows the four motion. 

Application 

This model can be used to explain the potential energy and kinetic 
energy also. 


3. Random Motion 



Fig. 15.1 


Reference 

State Board science textbooks for VI and VIII standard. 
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Introduction 

The main rationale of this exhibit is to make the people aware that 
Hydrogen can be used as an alternative fuel. The exhibit explains 
a method of producing hydrogen by electrolysis of water using 
electricity and the hydrogen filling station. From these stations 
hydrogen can be used in different vehicles instead of petrol / diesel/ 
LPG/CNG/LNG. 

Scientific Principle Involved 

Principle of this exhibit is to decompose water into hydrogen and 
oxygen by electrolysis. The oxygen gas evolved is released into the 
atmosphere and hydrogen is stored into the storage unit as fuel. 

Material Used 

Sheets and vessels of thermocole, a plastic tube for transferring 
hydrogen from one vessel to the other, fluorescent paper and tape, 
fabric colours, gum, a few toy cars and tankers etc. 

Construction and Working 

Hydrogen gas obtained from the decomposition of water is taken 
in the hydrogen storage unit. From these storage units, gas tankers 
can be filled up for their transportation to the far-off places or 
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Fig. 16.1 


directly can be connected to pump. From these pumps it can be 
used in vehicles. Diagram for the production of hydrogen and 
storage unit shown in the Fig 16.1. 

Advantages 

The vehicles using this fuel release water as an emittant which 
can be recycled to produce hydrogen again. In other words by 
this technique we are running vehicles on water indirectly. The 
main advantage of this fuel is that it is free from pollutant gasses. 
Moreover, this fuel has higher efficiency of energy conversion and 
there is no need of recharging them if continuos supply of fuel is 
maintained 

Reference 

Science Reporter, June 2003, pages 9-15 and 29. 
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Introduction 

Underwater co mm unication is very essential for communication 
amongst an underwater vehicle and a surface vessel. The means 
by which underwater communication can be achieved are as 
follows: 

® Acoustical 

• Optical 

• Electromagnetic waves 

Radio frequency electromagnetic waves are highly attenuated by 
seawater and are thus unsuitable for underwater communication. 
Similarly, optical signals get highly attenuated at red and infrared 
wavelengths while it has medium and low attenuation at blue and 
green wavelengths. On the other hand acoustic signals suffer very 
low underwater attenuation, therefore, conventional acoustic 
signals are used for underwater communication. But acoustical 
signals have a very low bandwidth. On the other hand optical 
signals offer high bandwidth and are very suitable. However, this 
technique has not come into practice because of the non-availability 
of high power sources in the blue green wavelengths. 

In this project we propose to use optical signals for medium 
and short range under water communication. Here an 
experimental system is designed, fabricated and demonstrated to 
show the effectiveness of the technology. 
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Working Principle 

In the transmitter a microphone is used to convert audio signal 
into optical signal, which is amplified by the amplifier. The 
amplified signal is used to drive a LED. The LED produces a voice 
modulated optical signal, which is propagated in wafrv. When this 
light falls on an LDR, it produces an electrical signal. This electrical 
signal is amplified by an amplifier and then fed to a loud speaker. 
For amplification, the audio amplifier TBA 810 IC (integrated 
circuit) chip is used. 

Explanation of the Principle 

In an optical communication system, the light from a light source 
is modulated by the signal to be transmitted. Modulation basically 
translates the changes in the information carrying signal (such as 
voice) onto the optical carrier (light source). As a result for instance 
the power of the light signal changes m accordance with that of 
the voice signal. This modulated signal is transmitted on an optical 
channel and received by an optical detector at the receiving end. 
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Fig. 17.2 

The optical source typically used is a LED for low power or a LASER 
for high power applications. The optical medium through which 
the signal travels, can be free space, an optical fiber, water or any 
other transparent medium. In the receiver, an optical detector such 
as a photodiode followed by an amplifier is used. 

Advantages of Optical Communication 

An optical communication system has several advantages over 
electrical communication systems such as large bandwidth (large 
number of channels) and very low signal loss (travel long distances). 

Scientific Principle Involved 

In this project an optical communication system is being proposed 
for underwater communication. For underwater communication 
system the absorption spectrum of light is shown in the Fig. 17.1 
From the figure it can be seen that the absorption is lowest between 
blue and green wavelengths. Therefore, a wavelength between the 
blue and green colour signal spectrum can offer excellent 
transmission characteristics. That is, the optical wave can travel a 
long distance before it weakens (attenuated). 
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In the live model that is shown here, we employed a blue light 
LED. For the receiver the LDR (light dependent resistor) is used. 
The bloc schematic of underwater communication system model 
is shown in the Fig. 17.2. Here an underwater one way telephone 
system is demonstrated. 

In the transmitter a microphone is used to convert audio signals 
into optical signals which is amplified by the amplifier. The 
amplified signal is used to dnve LED. The LED produces a voice 
modulated optical signal, which is propagated in water. When this 
light falls on LDR, it produces an electrical signal. This electrical 
signal is amplified by an amplifier and then fed to a loud speaker. 
For amplification the audio amplifier TBA 810 IC Chip is used . 

Applications 

An underwater communication system can be used for 
communication between a submarine and another submarine; a 
submarine and a ship; between a diver and another diver or 
between a diver and a ship. 
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Introduction 

Silicon carbide is a material currently used for many engineering 
application because of its hardness and high thermal and chemical 
stability. In recent years nano SiC is also considered as one of the 
most promising catalyst supporting material. But Silicon Carbide 
prepared commercially by Acheson process has very low specific 
surface area which is unsuitable for heterogeneous catalysis. 

This exhibit presents a unique process for synthesis of ultraftne 
SiC with high specific surface area (150m 2 g 1 ) using an inexpensive 
and eco-friendly setup. 

Rationale 

Rice husk production in India is about 18 million tones per annum. 
It is considered as an agricultural waste. This exhibit describes 
how this waste can be utilised commercially for the production of 
high-valued materials like nano SiC in thermal plasma. Another 
important aspect of the process is that like other industrial process 
it does not produce any harmful products and thus does not 
pollute environment. 

Scientific Principle Involved 

Rice husk contains 15 -25 per cent Silica and Cellulosic compound 
that can be easily converted to carbon upon pyrolysis. 
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Very high temperature (10 4 K) plasma reactor allows a very fast 
reaction between the fine silica and active carbon with the steep 
temperature gradients (10 6 Ks _1 ) and high quench rates (10 6 Ks 1 ) 
associated with thermal plasma results in the formation of ultrafine 
(20-30 mm) and highly pure SiC. 

Si0 2 (amorphous) + 3C (amorphous) SiC (Cubic) + 2CO(g) 
Material Used 

Card boards, electric bulbs with holder, electric wire, electronic 
circuit, chart paper etc. 

Construction and Working 

The exhibit consists of three sections. 

Section I has charts which describes the process in details: 

(i) Application of SiC; 

(ii) Advantages of usmg Rice Husk as a starting material; 

(lii) What is plasma and how it works; 

(iv) Comparison between thermal plasma process and Acheson 
process (the common industrial process); 

(v) Working of thermal plasma reactor; 

(vi) Graphs to verify the amount of SiC at different steps. 

Section II comprises the models showing: 

(i) Flow diagram of the process; 

(ii) Schemahc diagram of thermal plasma reactor and its working; 

(iii) View of R. F. Plasma reactor. 

Section III displays the real samples of products at different steps 
of the process. 

Application 

This exhibit informs the people about the unique innovation that 
thermal plasma process can be an attractive route for continuous 
production of nano silicon carbide from waste rice husk, which is 
inexpensive and plentily available in India. It is also eco-friendly 
as this process does not involve any reactive corrosive gases and 
does not produce any harmful by product. It is a semi continuous 
process. 
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Commercialisation of this innovative procta&s has a promising 
future in India. So one may utilise this inexpensive and eco-fnendly 
process for industrial production and can make die. best use of 
the waste. 

References 

1. Plasma Chemistry and Plasma Processing -V 13 

2. Applied Surface Science-S., Contarim, S.P. Howlett. 
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ftopm to tot totot to mro ^fe#mr to towr tot ton to f i 
■^toto ^ totor ti mfm to awr* to to to to amfato 
ton i m mjm to f i 3 tr ^ w ^nto ^t to m ^ ^ 

^tottoto ^to^T^^Rit^tcit^f FTRito^tfetoH 
to tom ftototo, tonto m tjc^ to m mto to to w 

totor m m?to ft to a^q tot ^ to fto to^tor °tom to ato 'tfto 
tor to mmT <* mm to 3 wo ^ ^ twi m ftoh to m 
mraf fto mr ti 

m m mto t fto mito <rar ftotoff wn to to totomtotoi efto 
tomro tot f i to fto toton wi to to tototor 

tottim mm wtototo ■yn ti to to? m to wro tot tocn 
to mjm: tot toto to totototor mto ti tonm to to totoftoton to 
wm mto m fto^ mto to mot totos an^mto sro tototor 

wmf^tommto totomtottimtoftoto^^mmitomm 
wrt tot tomr m tor mto ft wi tototo tom ftoto m ^m\ 
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f I 3? <jfWld MI 3T«M RT #3 cr) Rs}Rt ^Tt W 3 

3R3T ■W'fcdl tl R ^fl 'RoFiWf MRq^i^flcrlfll Ri 'Srf% RR^Flcddl ^ ^ 

^(fdR=k 1 pp WlR Site Rite te?RfcRF 318131 3Tcft^ R Z 3 RI RR q<rapfo gte 
% CT3I 3p opf ^ote^Kdcfc! tete®! gftf M<i3[cfd ?Rte Mt p-. RiFT 3 rte tqf^ 
te ^ R ^Fd °fn^ te ■f^TTT f^I 3FdT 'll 

3RT: 33^33 #ft' ■M'R5f 1 cMH13fr' ®te 3TT3K Rpte pT PT BT^T U 1 371 tetete 
■faraT w f 1 

fWSM 

( ST) ZlWfteT: pJFFi ^rate pRT il zffwr ®FT pratelfR.d^H Rfote cterR 
%qi TW f ( tewR 3p7 tef?3cl Sflcffo te ®te -3?TR -forqT 3M ti p 
MI BC148 R 3R D.C. R?ratetWFC ®FT 

RraT w f i d.c. pratwR ®te 3^ijigs tetesrc ^rawk 3te RigradT te 
^srate D a .p5r d 4 .tip i.r ■grate te teareR psrate w) Rrara Ii pt 
literal A tera TcNjfPw %gicr t — 

(i) ■pjdvi ^rate Rgrarn te 3^3 3F^te 3rara rmit araf^ pjpei ^rate 

(ii) l¥pra#fW?H ^lteR3raf%FT 

(iii) d.c. ■qptetftete?R 

(iv) $d*i'Kg te ^ R "5T5|f FgRMIl 

( w) Rwlcii: Mrt Ritete R i.c. 555 rtt 333 te f^qy t tew£ f^R 
te) i.r. Mtfter ^rate te teteT Trar ti i.r. 3?) ^iRrafci te Rctefarf^c 

f^'K rai^gteiT 3p7 3<|cjfti 3it ®3te "dte) ‘WI«tH '5RT 3fF<T 3ft ^ITcft I? I gR 

tfsirar R Rft Iwct ^rte ^rte ti 
( 1 ) I.R. y<^cll ^Tt 3To=q R(^d ^«hd) R «K?idl 

(ii) ■RriTdl^i< W# 

(iii) fi J K RR3R 

(iv) T fNt 3rara iri Rrrari 
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4T44T 

ZlfsRZT BC147, BC148, IC555, W 4T)47T, ftzft 3V, 4fcK)447, 47ft*R, 
^rawk, IR4T4)4, ^tWR, ^41^+ rTR, ftfafti, ftfcf aflfft 

Wf 7=p) 

44J4 "gf^RT cffa ^444) ft 47Tft 474ft ftl f4 ftftr 47T TJ4 fft&lct "WlRTf gT4 
<5^^ ft 444 M^dd 44*44) 4)4 4ft die Ip57ft4 44T) 47T 444c?4 ftl ffefftf 
°mRk1 f»I4 "4elft 14) "44 f^FTlte cK'l 4444 sW* 4l*ft 4ft ft^ll ft ftcrldl ft 
44 4T4ft 4ft^ 3741)447 34 4JJ4T ft 4) 44 374ft*T47 ft 44744777 ft 44) ^4: 
4<|o|fHcf ft47T ftfe 4Tcft ftl ft TRMlcfd 44) ffeftftl cftftf ft 4T4 ft fftftoR 
444744 ft ftfte #R 4ft 4T4te '*J4lc14>dl 3}fc 44))' 4ft 444I4T ft RTrfta^ ft)ft 
44 4F 4T4te ZT^R 34^.ftt. ft fft44 4fftft 4ftft 4ft ftnft 44 *4fft ft 44 
ft 44cT ftdl ftl f4 4ffftz 4ft 3744) fq^ctdi3ft ft 4444 f4Flte 'fftTft) 44 
444cfa fftcFft ^ ft 3I44T 4T4 ft ftl TgT ft, 44ft ^sqfftT 4f 414 ft4T ft fft 
3747)447 44ft 4T7fc ft fftidft ftl 

1R44ft44^FP4 414 44 Wl Z44ftft ft ^ ^feftt4 ^4f44 34ft 44ft 
ft ft^T ft), 44 444 4^ 47 TS4T ft fft ft)f ^rf44 ft4 3T44I 4d ft 47fft ft 
■^444 ftft 4 44 ftl ftft 3747*71 ft 44T4 ftc|44’ "fftft4 44717 4>t °447*7T 4ft 
4ft ftl 14 7447*71 ft ftdftd ^47774 14774) ft Tjft fftrfftcT ftft ft 4444 4? 
727444 ftftftft Tsqfftf ft ffttj; 447 H$c4<jft 44)4 ftl 

4547, 44ft aftft 4ft 4T4T ft 444 ftftftfc oftftr 4IT 4lft 4T4 Midi ft 
fft 34 ft 4T^4T ft 37«74T 4S47 47 4cft ft 4T4t 37441 ft)4-£ ftl f4 4Td) 44 4cIT 
wnft ft fftq; 447 fftjfa 4474 44 447.ft).4T7. 44T 44 4ffts 074747 

441 ftl f4ft 44 Zllftz ftiftft 4ffts ft 4I4ft ft 447)44 3T7jf447 ft 4ft 41 
447ft ftl Z4Tt44 4ft 4741ft) 4ft ^4 44)4 ft 7£7 477 3qi4Srft47 44^4 tft4T 
441 ft 44F ftftftft 47 ft) 4^ 44)4 4W TTlfftf 1737T ftl 

44^44 3447ft 447 144^44 ft 4? 4«4 74*4 ft 1ft 4^.ft.344 4fftd 
U4 44714 4)447 44 47qRR4I ^4dFd4ft ftT44 ft 1ftft4 344lft 4 34^fft 
4lft ft4 «4ftft ft 7^4 ft 1ft4T 4T 44741 ftl 

f4 447TT sRqR?d fZFfts cl ftl) 47) i!6 u l 4R diftl ftftsiftddl 4ft dlfldl 

ft) tftft ft ftftft ft 44^T 747 44741 ftl 
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<wfiPwr 

-«web<u| ofr ^ airon q* f^r 3T«rar Trf%r 3 ffe#r 

^ 3WTO 3 *1? -^rq 3F3Rta H xf wftifl ti 





1. $d«$F(«s qfk \ 

2. IWT TP# 

3. qqr wi w?ra 

4. ftUTcFft 

5. 3Ttz^| 
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o 



wx 


aTsmro 

5<l?l x l'^ HFf) 


{M4>k ^|Rri=M 'B‘.' r TT. f^rr^T 

kkl^t (Trsiwr) 


fTT 44^ 44 PlH^I UIhIuj «UWikT 4ft HiWlK 4i ftlVR ^TcW 441 
44 Tkro 4f m sm ^ wfr\ m m 4ikk 4srkr ^ ^4 k "stb^rt 
444f k'44>ifki4) ^nfsfe (k^w 44 fkkkfli d-^en kcj fkrqi 44T k i 

"3^94 

(i) 4^k 4?M 4ft 4si4i k-n 

(ii) #W 4ft 3714 ^ Tflkk? f4444 

(ill) xpr oqfei sra 44 4srtkt 4f) 44* 4T4 4444 
(iv) TkFlR 4fel 

fk«£lk 

4kf44 Td4W 4^47^ 4?If4 k k*ilPl4 44 414 ^ Hri-Slcl 44 wiki f4>4T 
44T tl 

4^44 -HiMiTi 

447St, 44 4P4I, fePT, 4ft ktzt 447g) k 44 k?4 #4, 44t 

44 44f, f4^4 ktf, 44^4, tk^T ffo, 44ktt 44, kWtk?FI ^Tfe4T, ?$fim 

4*m, i^kffzk fkr, wik4, twft fkzzti 
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RTRR Rt RTR^RI 

RRR Rt RRRRI w M t : 1. RFRR '3^$ RTH RTR RR 'fRi^tdR f^Tfr 
t; 2. R*R (3RRt) RTR RR ^RRt ^ fRRfa RR fRRR t; 3. R*R (fRRRt) 
RFT RR #ftt?R fc*TR t; R*Tf 4. Wf fRR^ RTR t R^ fRRRR RR fRRR tl 
RTRR ^ RTRt ftRR* 3RRIR RTR ti Rj£ t?IR #RR fRRR t fRRTRl' ^RT RRR ^ 
3RRTR RR 3iRt WT f 'feRl °RrRrR tl 

W eft RiP? WIT# 

Rlfef RTTRWi R^ RfftR 3?jW RTF? TRI# fRRIJHR t: 

1. fR##HT ; 1£#£3R TTfe^r ^ wt RRt ^ R? ^ STf^IR cHR (fRR<t 
RRT) RR &Hm (gfsJfT) fRRRWT ^TTcTT ^ RTSRT RTRi Rf Rt RR ^ (3RRt) 
RFT f 3^K #R ^ £IRT ^RRlRif^R wft RFlft ^ R1R l^TR RfaR Rt RTR R^ 
RTR ^Rlt RR RtfcjTRT ^ Rt3 Rft R[RfoftZR Rim RR RfaRrTRt W{ RTift tl 

2. ftftte SKI <MtfeR RTl4 RKft tg f^pT tfeR RR fRRR c# RTt 
R^t ■'Rfe RR 4RRII^ <rWlAf<!R Rite ^Rf%RT RT3T RTcIT tl RF fRRpT F^R Rt KKf 
RR tm #TR RTR ft ftft¥ftl Rife RR RRlt RR ft fRRR> t RRT 

ft W tl 

3. Rj/RW) RfR - chzld fanfui wVsr: RlftfftR iil4i u l Rft^ R>dk ilft'l ft 
R^R RFT ft RRliftd 1RR ftRR ft URI Ril'lft *ftd RR R>ftft fHft u l t$J tR?pT 
ftcIR ft RTRt 3TRRT Kfe RR ftft ftft RiFTR Rft RRTRRR Rife RR§ RTR RTRR RTt 
RRTt RR RfRIRTtcR 3Rft RR ftfRcft Rfe Rft 3RRT ft SIR! J l)d) >-crld. Rft 
RRt RJ^ RTct t RRI Rft RRRjlR RR RTcft tl ?R( RRRR RiFFTt krld TRR 
Riit-fl RR Pwl u l fRiRT Rfl RIRiRl tl 

4. f? Pmfvr mw: RIRfIR Rt fwt fRRSt Rt RTRR ^ fRR^ 3TTRTR 
RR RRsIRvR RJR TtRTR RltRR Rt RRIRT ^RIRI t, Rt RR RR Rt RRM ^ RHR>R 
RldR 'trH RR fRR RITRt tl tRIR 'tRS R5^ RI fR^R 'mf ^ ^HI^R ‘lioil 
Rv5Rt Rt RRTR RR R^RIRiR ^RRTRiR 3RFT "t RRlt ^ RRft RFT 
fRRfR tt WRT tl 
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ms wf ^tratfwr 

^ t: 

(i) mm T3=t ^ ^ ^ TricfMn'i ^ mM ti 

(ii) #wt it«it fttfacn frnrn m Trier oqfer sft 3 ^ fern 3 

(in) ifw yxrf rM ^ 'yRrfdfM 1 *rK ftrf^r, ^ftt mm, 

ctImIA^H «t?l4 ^ STFTf'jRt FT FTFT'jft M^d +i|{| Pmf u l ^ 

TTfFFF m FTWf Cf9jj wftvff SKlfzl'tt f^TRW 

m -qfr^TR", m wi srf^ iai t froW ftf w\ wrfa 

FFT ^ ' t JJT 14 tFT '^IRT 'll 
(iv) ^tsifRcfr W1T3T) 3 3TT^# Fft 

MfciRrifqqT, <M^h ff4, ws-^i 

fFFh cT«n ^rf ^ ftsf 


EsiliuilCUIUJfcfcUKIUlIlEHIKEII 


4i 3ii4tfira ^ ^ tihhM 3 
FF?t ^ fFcTCR #3 ¥Rt ^ 
iTcf IffW fst f i 

(v) W+'Rt FTRfa4T, ^ TTWTTt 
wfpft', Tiwfi rr«iT 

oqicR#RT yRlMHI 3 wM 

tl 

(vl) WF# jiihH -Ci^ik fNft ^ 

^pir 4^ ft 'gni skWnd 
fWRT 3 TTFFFFT tl FjZtT 3#rff 
FTT fa'+il'Hl 

(vil) <icMKF ^ FfIfFM flu'll =4) F^ 



22,1 


1. f^fPT FFfcT 

2. FferRI *RxR| TJcf FRf W^t W4ffr^l 
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mi 


3TSqTT3> 

Htal TFT 



wnm 

Tfl«l f\ Rm STOcfl^ 

^ TOfl TTTO faf*R TR$ ^ 3R^TT tf ^R> tt Tft tl ^ t 
*TfRT TP? Tfa «jf*WI TOT Scfa t t, eft TRjf k TOt 
3R^rr ^ft to wit ^ ^ ffcft ii *i?to sftr tjrt yteftM k 
IMro tj?t tar ft ^ ^ ^ tf? -fftrqr t, ^rt aftr ^ift sfcrfr^ 

1TO^ ^Nftfwf eft fofirct ftf ^ TO tl T£R1 Tfl^rwt ft 
*raf #ft ^ft «ir*iR 4 ftt t, ^ ^rft zk frorfftfR ^ft-^ft 
Tff^RTft ^>T ftt fft-FTT %q[ tl IpT Tn^ SPT 3JTcRTO 3T?Rt^fTJ 
1# ^r TrtRr ti wifr^F ^f*z 3 TRft 'Mtrt ^ ^Tm to ^nft ^rar 

t*T artful tt ^W+cIlM' ^ Rfftfefaftt 3 ST^TTT ■#' T?T tl 3FR 
3TR IRft •cRlftoftqlfftftl RT ^ecll-S fftR eft ^RT TTHlft ftR f ftt 

3jftfRR t# M JTRlf^f ^1 

faf*R M k TOTOt TOTT 3R 3TTTOT Tfit Mft tf iwft ^ %* 
Tffffi tfr arfcr ^ i^jfq arnft to ^roft t ^p? ^ sftfr Rf* t cT«rrfq 
ft 3(ftt TOT TT^ftl #R TO Iror TOTOt 3WI 

ft ft^ft k f^ <TOT fax ff -TOT tl 

Vt TTW Tr«ft Tfft TO ft T^TT ftft ^ ftfSR WIT tl W TT^TToft ft 
'<*TMSTffth TT#R TO FT TOfa ftfTOTft TOI ‘' ftWlM Weft ’ ’ ^ 
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trri Rft RRt ti ?rrr 'g^r gi^R ^rt Rft rt?r rr sihR^ ■gwi rt! 
aicRTgfRRi rr d^Man dRvfi+T ^ g^f^id rtcrt i?i 

RRRd IfhijliqfeT 

y«j,ci y<Rf "4 RR> Q.'Mf <.sk yg=w |c*v4l "t, fRRRft RRj t^; f^c( ^ 4)<ril 
<6di i? I s?R <SK Ri §KT Rh^l Rt ^RT ^ Rti^nl Rt RRR fi^crl'I Rlcdt ffcpFfT^oT 
RT RR Rtt Rld^li) <-sK ^ RJ^ c^Rdji^ ^ft x{^ 3R ^Tlcft fl RTHRc^ ^ 
ft ^ 4) fa cl TfRt t fRRt R7RI y u iiefl I TSTC SKI ftfllfcT fRRVfH R»t TJRRI RTRT 

uwieft 3 w f^ Rtw?r Rft Irrji 3 fotmt t ark Rrti^t 

^ |RR k fdWli fcRR RR ^cft tl IR WR# t fR? RTRT RTT '^R RR 

gigt wdt arfRRT ftcit i? ■% Rf agr% RTfit Pn^i^ei Rft x ^g Rtt sIr rtt 
■ fRR k 3TTR WIT 3ft f, fRR^ RTg 3 ft f{TR? 5 #Fta£ Rt RtcR ftlfd ^1RS 
RR R^RTI fRRi 'SRI fR RIR^ ^RT k 3TT% RTc^ Hck Rlt fRRt Rp5 ft RR u sl 
k WT RR RRT^ fl 

RRRf 3 trjcrt otrrrrt Rrcgij; 

TSTC: TOTR RRRf k TSK Rlt RRlk ^ %R 1.5 RteS Rlt Rfe* RR ^tfl Rit ^2 

rit RRkT f^rqT -r\m ti 

c^rr; #5R Rift RR 1.5 Rtf2 ^ #1 ^ 
ftwr^i: ^tff RTF TsfasRrfT %R RR 3FR 3fIR?RR> 

gq^Rf wifliRt ^ grfgfw ^grif, fiTRK, ^R, JtRi rr, r^ w, 
^r, Rgren, f^RgR rr Rt gRRfr Rit rri^ A Irrit rrt ti 

f^FT-f^Fr gRRRtrjf eft -f^RnfgflT 
1. TZIT ffbUlfaflT 

3TTR ^R^ffRR) gRRRRl! 1%RT RRRRI *ft RFf R>t R1 RRRftl "J5 

oqcTfSH ^ %Ti g^TdR RT^fg (fl^ Kil^Rl) 3 #fR \8R cRRf 
(RlfRlt^R) gRl RiT RR^R fRvRI 'RT RRRTT ^1 

R5R SlRf^ “^Rl fetRSTR ^Rl” gRRRR R^RRlRt fRRI^T, 

fRRI^I -aft fMR, RfRRRf^TT^[^¥tgTRRR^ntlT5R 5TO 

R^fRR "^R RRf "RR Rig fRRIR HRRIRR RTRR RSR feflRT ^ snift t Rt T5R 
^ R^ R1RH RR fRR RR RIHI tl W Rf?r 3RfR R?f 'RU'wO 

Rt R^ TR STIRkT RfRft tl Rig tRRIfel R^t fRR^ ^ Rt TSR WRR? ftal tl 
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ircgcT TRSf tl TSR SRT #*R (RTRT fRTRRf) dt ^Rffdd RR W Rft 

srrat Ih-hi^ch Rt Rig ti tt r^s Irru ri rrmii ti tsr Rt w crr^rt rr 

RT^R oRRWI R^ RTR tit ^ RRlt Ri Ici^ <5'1 J 1 y^=Kl RRt Rt RR-RR 

sKdl RIRT t, fRR$ RTg aimul ^ iSll Rt RIRRR Rlt RR RTRII Rig SRI T5R 

r^ sifts rr3 d fog Rig f M TT^fRpm Rmif d rrir ^ rrr d 

ttdR Triq.'st.^, ^SR RR fsfadd fR>R2R RR RRprj f^F^TT ^TTcTT tl 

2. dm r # r&wfcfo 

#FR 3T*rf^ ‘*RI1F TTT^ftft^FT RT$ RpTOR 3TRP 

3R?[cT RS?f c^RR RR RRW fJTOTfeT Rt W RRt Rt ftlR fRiRT RRT tl R5R 

srt ^rr ft# m #*r Rt Pfti *r dm&m fwiFi d tRR 3 fRwte rrrr 
rr tdt t, %fRl gft f^-arfef t fdwte tP « t i 

3. rrmr fmmf <d ffbuifafk 

RTRl PRWl Ri R$ "t 1>R PlHRrlRad Rlt RHcP t — 

(i) RIRT fRR^P fe[cT RRTCTlR Ffcfr tl 

(U) RTO fRRt 100 M d£[ RRgfafdRR Rt RIF Rt d ^ RT^icft tl 

(Ill) RTRT twit RlP RIR RRTTCT d\ Rm ^ mm (3 x 10 s Rt/3) tPcft tl 
RRpT R^f 3 Fit R1RI fRRRp dl ^RR fRRRlf d ^ 3 R^RR {RTRI t, 
Rt RIR Ri f*RTT5cit Rt R^ RR fl=t>fll th 

4 . firmer dt f&urfjfo 

RWROIcRF Rf wlRd sftdg) Tf^z? dfl iRRl^cT tl FI^I 
-3^1 d ^ d\ RlRH tl fHRISd ttdt t - (i) 

SfjRtJRf ft^n^T; (ii) ■pTOTf^l fRRTf^ ^9Hfl: ^dRTdiR tlct tl "3^ 
d RRf ^ (Idd) d t^t tl ^ fRRI^d 33lt ■RSRRF ttt tl tf^S 
diT Rto ^PmP^H, fq?T %ng 3T«M R^dd RST«J ( ^WlPdi tPiRdd, fdRT RT 
+i4i ^ dFi ^ %ri ■gafn $MmPI ^r) cfi '^ri ttdi ti 

(RRI^d) 4 SR cfto RkdT Rd SR^T tRTRI RUcII t, PfliA t^oMd: end 
3TIR#5R RRT SI^lRR R^dR t^RT tl f^RUIeil't' RR FR S^dR ttt tl TRp 
3JFf t fWFT RR MtR RT3 R^ ^ 3TraRRR RRRI tl 
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<w4tf*TrTT 

P? Weft ^ 'gKT Plft *TRcT 'qft ^Tf*? T33 3 {mR4i ^Stl qft IJfS ^ 
eb ! |f?m ^ f I 3FR PPT % PT Weft P ^15 qqfc f5R[R ^ eft frf^kl 
ft PJKl ^rfw ^rq ^ qipt 3MW ^ ft T^TTI 

1. Wl^t 

2. lf«ft#( 

3. HRrtA^ 

4. WRf^tH 

5. ^T#RT 

6. ■qHe+iA fatw 

7. PTW W 

8. PTc^R pqr5 ^ ^ 

9. f^tR fFTfcTI 
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3lf?rrftTcf; fsrairr 

TTcf trafgrcT 



15TfT 

ffal Rf, 3TO8JI RfRffa 3R^TT s#T5frT l^n^R 

rrrt *m f^jgr, ^m, fofR 

3Teqm 

cIR^R MR 1W, 3RR>f MR RRf, R^fW 


wiffr 

RR IffM ofiT Rfff ffT 1RT 3fh ffRRT ffT R£RT ^ WT f, fat f[$ 

Rfar w rt t£ t3^nc cp wmx tt ^ Rffa^r ti 4srtfw 
fafM ff RfffRI U^T T^T ft fa# ^ ft Rf^ft RR t'l Rf Rft t fa 
ft 4#t# fafro fnfT i rt w$ *ra wtim ft ft Rfjfa ftt 3 rrrt 
tl ffa R# fH fft #R t, 3=RfT M #tf £RT RHf Rfaf fR 
f#W SRRRf tl 

Wfw c^lfa«h r^o^in 

Rffaq ft #Rf ffat ffa f§R 3 fMfr I, RMJ fRRI Wf ^R 3 

RtRfMftfOTttl^R: 
ftf TRf ft •afaw Rffa Pl^Holci t, fa RRf faff ft fafR SRRf RlffT tl 
tttfa W,#RffRRf $3jf|f# fafftff fa fp # R^faf Rffa 

fafaff fit t, fa Rm faff ft wf ffatfafaR epfat t, fat, 3R#q 
RffaR, iWl RffaR, 3fa#SftR SRlffaS ^Rlfa I 

R# fa RRR fRTO, TRI, R^ RR RR #T fa R fafa RIcflfRI ft 
R*[faT fit fa fflt ft fafa ffafa Rft t °RR Mlfa RTRfRfT Rflfa RM fR 
ffafT RRrfl 
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ftstfrrr ^ R^RrT RTR# 


chRoili RTT Rlscri, PM. Fete'll ^ 3TRT RR Rft RT#, R[^, "^fT Tjcf 

W)<4ai, ^htcii, a# Rff #z, ## irga r#, rt rr, # Rfaarr, Rtet # 

1#* rri 

RT# UHT# 

R3T °hlRsjHI # nisei # ZRR r^Hll R## R# tl pcJH'ff # ZZR TTRT ^qR 
tl ZR ^taC f ZR # RT# ^Rt ^ 11 RTTRRri ^ fta>aA RTaT ^jZTT R7T#T ZR 

# rt# t’ #r rtzt t sfk rtt#( ^ tjsrt ^sff tar # ztrc a# faq# ^ 
R7T#Z#^RTRT^f#iTaZT tl 

efiT RT, f^RZte 3#^ RiT fW u l RR RR# tl ZRRTfta «[3TT # Rf[i=T ZTRT RIZT 
t faat RT # Z# #ZT t RT 3RRZ RTR ^tclT t I 

31R ZT# ftRTe# R# Rc# # 3RR5J RT t#$I ^rq ■£ ^pjqtq f ( 

ZR& # RWdr'JcfR R#R SRT tlR# RRIRR RqfcR.jj ^ruj ^ 

RRlt # d^Ri fR y«# 4 ^l*T, RR 1 ?, -RHR3T^ ^ FiqieiA RTRft <|<d RTF 
ZRRW & # fz#R t fZTRT RT RRTZT t I RZ fl foz# # fl 3 3TfacF RR^cT 

Z# tl 

ZTR ZiRf RRR # RR§ ^ (# 6Hil <461 3TZftacT t) tZR# RR ZZRRZ 
RR^ # fzfa # R#Rt R# tl RR?f 3 I# RR7R # RRT #Z gRT tfa 
R# ^ R^TIRR R<dNI RRT tl 

Rc# # R/R PiU%fiicl RpT W 3RR7T; R^HRR ^ Fi^d-} Rj^ 
RR% R^ RI§qi 1 t ^ Rlt t RWT RRt RtR Rt^ tz RTcn tl 

fRR) rk zr^aRRtar r^ Rrd srjife ^ rrt Rft t«R rmt 2 tf ^ Rit 

t, fRRt Rl^, R^, ^ZT RRI RtRRT RR WT tl R?T RT RT, RR, % 
3^aFRlta RR - 5 ^ RIRf tl 

3TR ?R RR R^ ^RT MI 3 t ^ Rlt tl fRRt RattR % RRlftcT fRiRI 
RM t iRR^t Ra R^RR ^ aRRR ■gRRttRIZltlW^I^R^^ 

3#fW 3?^f RRt RTIrF t RRRW fRFTRT RT RW tl 

?R TOT IR RTR^IHl ^ 3TRfw ^ dldlRTR Rft R^fRc[ t^t ^ RRT RR>t 
t RR Z# ZRRMt RTRH Rt RTRT fRTRT RT RRnfT tl 
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fenr 24.1 


1. y-iRi 

2. felRI 
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^l 41 fwrft wt 


l 




fSHTsTT 

ft# 


3RFTFcF 

■§ff fr 


F^#TFT% qiRrl+l F«F fFFTFIF 
^RrfFl Tte, FFt 


TOM 

rf fk Ir fI Rmrait^R«5Ffa- TjnFti 
26 PRRk, 2004 Ft F?^ FTTFF Ft fFRft I FF 7fTT FlFI Rl FRF Ft 
#fl FHtF $Ff Trflcr ^fSFT sflT Ff?TFT I FFTFt RFT FTcTJ ^T 

l‘ 3FR FFT Fft FFRTF yiF t ftlF SRRpfr 3 RFT RTfFF TTRTI 

TRlFt FF TJR ^ ll FF 13,000-20,000 iFRft./F. F?f Fft i 3Rl 
■*Jef FIR ^ 700 fFFt, RTFR FR7 «kHl} 4 R3TF 'll tjFlRl FRlt F>t 
■(SlR-Md FF "I f<F ^ 3FHt FRlf 81F "fFR s(% RFt ^jt FF FRcft ll FFRl 
[=b?i!4U< ^ft FF FRl Ft FR Ft FTFft FRFT 8RRT FFt TFFt 'll FR 1960 

I fFRt I FFR ^FRt F#' I 1700 fa4 Ftt R# FF Ftt 3% FTCR F7 FTFt 
FRRTI FF FFlf Fft RF* %ft A 2R§RT I Rt FRt ^ #R tFRft RFF?F FFTFR 
Ft FFRF "FR RR Ft FPl FT "3FR RFt FFFT FR-FR Rsi-H c h A ^ "FR c^ft 

II RgF Ft FtTR fFWfe Ft ^ FFfI FF RFT FFRT ll 

FRF 3 3T1FT FF FFRT ll *RF ^ IFTFt ^ R1FFR F$ ^ 7JFFT 
FF FFf ll FF FFFT Ft FR FRF 4* #RFF R^FF RR t %FFt ^ FF RFFt 
Fft IfrI FR t! ll FiFR WJ I FRtfRR ^ FFf FT ^FTFt FTt 7JFFT H FRt 
FFFRtll FRF I ^TTFt ^ FF^ =1 feR ?RFt iFWTt FF Fft WRT FT 120 
FRfe "RR FTt FtFFT FFTFt ll W fRRFpft FF Fl HR FFTFFR I 6 iFFt, 
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to Ito wqttti ito wrt ftor rirtfr fttor aik ftow 
totfto (doart) $ sto tor ^ni 

tern 

tot 3WW iro ^HT-SW-to %fl 

TFpR RTOft 

STRICT, ftto ^ ^ ^THR, toto, ^ 4 , to ^P1*T, cTlT, ^TOff 
Mlfei'ti, LED 

<tofaflr 

^jto ^T ftto cR 3 to to tot ^rtof ^ ^ (tod tor 

■^TTcIT ll TTgp IT tot to tot 3TO°I ^ IRI T££RT ^SPft to f I 


« 
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Fi FeT qft tRst-Ft Ft Ffft "ft vJHq>T u i <JHW5 Fj FRy, 3f«i{ 
t&ff fr qfqi ti fk R sttr^ ^cii^'hI weft =$■ Tiftt w&n R#‘ 

qft ^ciwl ^ fr qfR tqq; Rft ti 

"SM^lPidl 

IFPTt elF^ q^fq RT RFT t RfR Tjft FTF 3 TRiT qTFT yqP=M RFf, FtfRF 
3 rkt fqqw ^mnI qt fff ^tiiqil ff °ft rRts; ftt sqqqr Rt sfqftt FifF qft 
qgi? RF FRpF RFR R w=hfll i?l RTF sfR FFp[ F> RmR FTt ^fR ft?ft ft 3FR 
FFFeff FFITRt ^ eftftt qft Ft qft FFcft FFFf Fnft Reft RF<ft$4 TJFTFt Traced 
weft qft thrift ftt eft Fftft Ft w FFft f£ ^Tft ft rhfiPf f ^ Fftfti 
Tpftt ^FIFFf Weft FtFFF3^14RtftFFFR qfqft Reft FF eTFlf qft 
rR ft arfftq firft ft ftt Reft fti ff tjfft qift Ft srqft qft qft 

■^.OftF TRFt FT RRT STqftt RF RR FRe) isl 
TTRft 

1. FfeR qfFRT 

2. WFRFF 

3. w rf qft Rtfr qft ^tfri 
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W5T 

sifter 


W^rPTSi 

^tk in 


10+2 'V&m Ttfyqfire; ^ 
ftlHT -qf^T tqn^T-833 103 


y+rlMi 

3RT#R[ ^ 


^T 'fel ^1 3 «T|cT fftT t ?r«n 15m 


iEEaSUIPRElK^Bli 


311 Wf ftf*H ^FTT f I 


TRf^ET cR^ ^ -pTOfuT *% -$% sftQ&tf 
oftid "aft ^ aqfq^fe qciiii 


wf^ %Tf^ %srm 

MWf*# ^ ^Enf v$ ^ m aqmificT 

Tan 45° = <rW31T*tR 

(*f?T Tan45° = l) q^=? 

or, 1 = ^rlH/an^TR 

or, ?W = 3WR 

(^t 31TCK ^ WffiTT^ INI W 


A 



3TOR 

fSR 26.1 


f^rqf^T 3 TT^rr ^ 


^ff 33^ ^j/NT ^ ^31 
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y^f^rl w-cm rrt rtrJ 

6H c fil u l -HhI&sii^ sfk RR3i cti u l *pIT RT ^jR rM R1 RR fRRft 
rf*TT IRReT R>t ^felf 3fifR Rleldl^'t) RIRt 

RRuft tl 

Tan C = h/BC 
or, tan 45° = h/BC 
or. 1 = h/BC 
or, h = BC 

(RIT 3TRIR ■Hfft Wcrldl^ RTO RT R^) I 

TR^f cfct WTtfRRT 



RIRR 
f^rar 26.2 


(i) fRSPI RFRf 3 WPR 

(11) ^ ffTRcjf RTt efRI Rft ■sferf RFf} ^ RRRRRI 


A 



f%T? 26.3 


A 



f%ra 26.4 
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4 & 






Brf&BeT -fart 





STSqTTO 

yl'il 


^RRR?TCite ^ 

Tfltzte 

RRFTCWT (^), TF3RRR 


M^flcRI 

■^■|te -3wrf ^ ^ sn^roi ten , gq t m*te m ^ t <*te 
mfd^ Tmm Rftfar Rt t ci«n ?w i#i teter ^fvte ^ wm 
ti arwwra f ^f, ^rg, ^r, arrfte 330 w ti 

^4 ^ m fep 3nfa a^te gfe ^ isfc® wt t tec tet 
te tl ^ ^ W ^ fejcT -5#cF w\ te R# f I 3 W*TR 

te m (Vlft'Ste Rf^M) fog ^2T *s#RT Rg 
t, Rfte m ^Rt WFR 3 TTO RBf tl ^RFT ^TRRT SM^ 
37Tf <fa ^ qft te; tl ^T ^TFI to m te ^ ^TfTR ^ tl 
aqgfaqT ^ WT f m tee ^ ftel ^ te^RT 

tera te vim 

ii %Q; ^SFT^T WFt ^ W WTT *ft tfaT t ^TFgfl K^f ^ 
aTJFIK '^tel W ^ ■(rl'tidl tl 

<ite Wf te;c q?i te ^ Rt# I^Fi t - 

(i) ttfatef RrfSRW ^tte ^1 ^FR^R tet TTOl FTR 

ate %t W fftT tl 
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(ii) qPJ W qft ftfacT t qf&hd1% falfa. qqifa qfa qfa t q^R 
tl qqfo ^f^ebd fas fad qTR t farR fa did t cfan q=rq ^fpj 
fad tl 

(ill) =l(3=l)'d fa^ fad (tfad<) fa STItiR fa qffafafad qqT ql&id R 0 T dT 
qqdT tl 

(iv) ?sfa ffafa "W^T 3T2M ?TO fa i?q qT Stqqi ffafa qR 3TRJH) fa 
Rsirffai ffaq di y=tidi ti 

(v) faftfafed fa^ fatec fa sfasq fqfa 35 qffad fafap fafci qrffa 
RRqq tl 

(vi) qrg qqi? fat ffan qftqfa qr ?qfa qfa qdrfa q wi qR qfa qqrq 
qfa q^cn ti 

(vii) faffafad fafara fafa fafadR fa faaq drffaF fafa 3 qqqqq fa 
Rd-RdR ^RT tl 

4jnffai ffagfa 

qr^cT qqfa fa ffaq %ffa tfafafa qq wfar fad t: 

I. TnrtoRlffaW ffafal fa Wqd fa q^ fa tfaffal qq 
dqRTCd fafaq dfa fa qfa tl 

II. fafalfqfa faqq qjq fafaq Tnmdfl fa Rdqd fa qrg qdf fa 
d^sFRFjqrfa fasjq fafa qq qffaidq Rn=&id 1 

III. ^qqfa qd farfar fa qqrq ti yqidd ira faqq.qd. fa qfafa fa 
4 whm 1 srcr ffajq qrfari 

IV. RRd dnilci't) q qd dr^fa fa»&idl qr aqqiRo Pn< qfqq qqr qqfa *qf 
fa dcfafal 

q^qq qrnfa 

dqfa, q^jfaffaq qrqR, 3pTd, dqqfa, qs-qfcs, qfad, fa, ^q^faqr 
qffaq fa fdq sni fa.,faqw,qffafaqr, chfadw,ftfa, ^faqiifa, qqiqd, 
fafadd HcrdlfadT, =iVd4)d<, ifafa fate, faqq, faqfafqq, 6 fates fafa:, 
■'dll fafal 
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RRERT IHJTT# 

i 

TRgF F> Pjh[u| tg $fFF (tjlR.'^ilnicrl) Its 5ttFR Ft U,<rglHp1FH Ft 
22 tR Ft FFR t ^FR fFTFi Tpqj ti f^FF Rif^ft (^R) ^ ^ 

RFRIRStRFT ^ftwwwh 8 )!^ g^tt at RRTFTRR R§t fq 
FRFtR FtFI R7 g^l FKMl 'Fid I 'll fRt fRFt 'g^t gt F^Fid TF RTdt 
tl fT#Tg ft Ff&Kcrl gfFRR af^j RIFT tl fR RttcR apt R.MT ■'^RTRf FR 
aFFfRIF fFRIT RIFT t FFT fRFt gt at RTF Wf 'FFltFfF> FF TRFF FR FafT 
RTFFRt FF RFfaF fq^R tpct $i -aft -SFRRTI tq^FFtr F^ RTr^TRW Rta # ftt 
■ft FIRK t fRFlt FTft fR R^T "t R-flf tt^Fd ^F^PlFi 1 RPti FST ffRI 
RTFI tl fR RteT Ft gt Ft gRlt FT F? ■siqitl Ft FT? FFt FRt dRdl tl 

FTg “ft FTcTTF FF TttfR FT RR^FH RFt Fi fFIR fRt '•fnfter RTF-tF F> RTTli 
afo fofgFF F^T tfa ^FFFT FIRM FFT t R^ fW RTERT Ft RfTFFT tl 
F^f?tMt FtFR at RVicrU 3 FTg W? at ^ at RgFRTgFIFt TfttFR Ft 
TgFlt RF? Ft FiR FI RfFF7 FRFT tl fR gt aRq^FT Ft FRT RRFTlt FT 
WUFT FFT tl 

Fig 7IF1? t Fig FltdT FFT FrIS t'HFRIcft t cfr Fig FfFFt (FgtsiFFlfRFR) 
%5TF at ^KI RRF f?RT t FR Rigt RFRF FfFT tl ftrcpt FF^FFt a^fe 
RFt RFTF t F^t FT! TTFFT FRFt t, fFRIT at FTR7FRF «tf? FtcT RfF 71TFT 
FR 3Tlt Ft 3fft flFRF) RTFt t FFT fRFi TFTF FT gRt 371 "FTct tl FF 
%FI Fig TIFTF ^ F)K U I tRRR Ftfdl TFFt t iFFlt Fig TltFT FTt ^ RIFt 
FIT 37IFFFFT Fit 7FFI t FFT «^'<R FF ^tdHilt F^I Ffcl TltF FRFI t 
aflT ^SWl ^ RIF ^F 1 ^ Ff^=Rl 37FFFT t tfFI t, g^t WIFT tl 

FR F^Fid gfFRcI Fi RIF tTFT FTFR Ftgl RFT t «t 3Rpft RRFFT «t F>K U I 
F^T gjifF Fit Ft RigfF Ft F^T M t gsf Wt ^ST ^TFFRt FF RltFT ggt 
cTRcTT tl FF 37TtFT ^ FFltt ’fFFt ^ g^FFtF tF t FtFI t 37ltF7 
Ft tfeM ^ ^FldFI Fit at Fit SRI IpTFtF tF Ft FFf twat ^ FFSt 
t iFR.gF7. FFRF Ftn t ftt fefRFd F\FF RfeT F 3HRto t' FFlfFT ^IIFT 
tl FR FFiK Fig TfFIf t TttFR ?IF %t FfF TIFF FR FTFFRt SRI tt^F FFRF 
Ft RRft tl 

*1$ T7FTF FF TttdR T fi 1'TFTiFTFF? FRIF at fcTF, gFi tFFh FIF R#t 
RtFfe tFR %FT FFI tl Fig TIFTF t RFI Fig ^ R^ R( FTF FFRR F»FT t 
tFRFF RFF I^Ft^ftFi RfRTF ^ ^FgF iWdd FT TFFI tl FIF ^ 37RR FR 
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spnRd ^ rRw M ^ *NiRtd faipT *rtR Rfr =Ft q-d i Prid 
m ulAcrK ■rt wt Rss^qd f^fari ^trtt ti ^ %*n ^t 

^41 ^ ^ qiy, “Ft ^T 7 T% 1?$ ^R q[ctq>ei fR^T ^ "3I3^[, 

TftAeR ^ ci^ stRrf faipr crcr ^ =fi T*m ^ iim ti 



witRidi 

^R'jlVd H.fafW fas RFr ^FT ■3^1 ^ -*5^ ^ ^4idclll4“F i\ T?I tl ^ 
dt2di<rl tjRrW RfS #Rs* °Ft ^ SFWI ftfttel 3 ^RT ^t ^ 

c hK u i irt fqqq 3 #?^ s^ftfR ^Tft lit t trit qqlRh §w=h) ^RtRrar ^r 
^ tl f*FRJ w 3J^ 3 o(f2=Ftf foeT -STt^R ^Ft t^TIfR ^ Rlf»FT 3*1 
3 "^nRW 3FjWqH 3MqVi 3 ljt3 niqqi sRRqRiqi wt *1^ ^1 
^=f^[ Rr§ f*M itfim ^Ft 3 m41Ricit f3=r s^fr ^ fes: ^t ^it wit t - 

(i) ^5t-^t ^HKd) 3 <3 t)m(1 hPjw RT 3Mqi< u ti^K yl^eu wRRT 
■sn-ih! 'SKI (qs^d "ic^FT ^ft *fT R«Fcft't <f*JT Aufadi Wt3 f^T^t 'ltd's! 
■dn'Jit 3 RJ^FT Rhql ^ *i«tidl i? I 
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(ii) p; cffi^ =£ -gjqft -33^ t^ft afrgt-^ it ^FTI I? Wlfqcf 
f^RjT *n wit f i 'crf^ra srtirc: ift cTCI I cfl Tft 

stfwz *rci I sfa: 11!"^ ^ «?rai ^rcTm ti ~m wn 

^ ^ *tr?t f afrt aqM^r s^i *ft -cr ttrtt t # 

t?Fft cfSTT HT3I 3 #ft it ^RTT tl 
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(«HI ■i'nt % tsK'I’T qidl fttrir 

(Tn#JT fp^r) 







smz, 3frtfer-263 653 


ww 

3TI^fE|cp ■JT I Wf ‘5f^R |t f^r fspRT +T[ +1+1 'll Tl^J ^Efl ^cRT 
WIT ttFSf ^ Wl W 3 TT 31 TO T^TR WTf If fTOT |, ^TTWI ^T 

3SRtc\ ■O+dl I? ¥R ^Tf?tl 5^1’ll It "-Tit 33^T Bm I T3°F 1 T?tl I W 'll W 

90 ^piz teft -+t W ll f^t RTOPTTal ^t WTH I RT§I ^ vti fatf 

wf ^mIi 

fa«6[lrt 

faff f+lt ^if ^ ^ WIT ^ URN fsr*T ¥H, m, '^fMcrfO H^I 
cT«TT xf«^f ^ J^|+^U| 41 l?llfa+" fwl RT 3TT%TTftW ll W fil^ I 
Wfa % -3R WlW Iti ^ ^W\ c|!^°3eT TT^T t 

irf\ li 

wtm 

f^TT fofrU '3^lf I ^rd ^T^ ftF3T +TT li*? STTR ^>t <rl+ll I ^TPTT W ll 
'+T ^T?l W 18 x 18 x 36 i?l fifi^T "+T ^lf, cTctt cf*TT OT Itl 
'-<rll^s I ^TTCT fpqi f | fjfRf ^ ^ql'l 1 TT WTT i|3fl Iftr^T It <n+sl ^T It 
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f%rer 28.1 


tl fiRT cfr ^ ^ cfMf cTTF ^ RFT rrr* ^ fcTR rr Rrt Rtft 

Rlcft «F1 3Rfa f^T[ tr tl RR Rft ^ ^ Rfcprt ^ 

■g^F^f ^^RTTFirt^f^fl^^pcf Rfc?R qFT RTRT RRt tl fSRT R7t f*R RR^ 
^ %T t^fiR RTR -aft ^ cWT ^Nf RTT IRRIT RRT t W 'SpR RRlt 
Ri Rrl^ Rtc^, Ril<H ^T*R TR ^ RT iRRT RRT tl 

tarfafa 

fiFsr ^ W RRt 3 *RT RR7 Rcfa t ftrcrif ^jT Rft tfwRr w rrr* ipnf R$ 
t fa TfRRt RR RR7 fTO Rpft ^ t ®k ^5Rl ftra RR Rft ^TRft 3 Rt 'ftR 
Rfa t faflif R^TcT! VS\ RRT tl w WR tfTORf ^ Wl* faR 

^ #ff RRR RI# t Rst Rfa^ *fa Rlt tl TO RTfR^ =t Rft Rlt RR 
RTR RRt RT RFRR Rft faRT tft RFfift tl ofT^TR fRTFft tRt ^ttRT RR# Re<ft 
f5RR Ri SRi; RR RTR RRf tfaT atTRRt T®t RTRlft R^t ttt RRtRtl RRt R> 
4Rm t RR RRpStf R RRRFT RFTRR 40°C ttRT t RR faR c£ 3FR RR 
flNMH RFTRR 10°C RR> RfTR RIRT tl faff fRRft RiRf ^ Reft RTRIT RR fSf>R 
R=F 3TR STFRft Rft RfR 3 tft ^ WT RRRiT R1R RRTtR faR VS] RRT tl 
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wrt 

RR.Rt. -etcT^t 


3TW)ifMcfii 

RR.'St. RE?! 


RT«rfRR! 'fa^lcrd 


WM'HI 

iRRRT c£ 3flftbchK RTR RHR ^ RffaR R^ (j^IRM tl RR) RRdIR 3MT 
tl ^IM^d 'Pn^ RRT tlRi-sl RR1RR RT RtTRlfRT tl Wf t it^R R>t 
RRRtfRfll RRRTRRR 4 t ^TRf 1RF RgRlt RR W T T Z TT tl 

(i) Rt RR*f Wdt Rt RR#IRT ^ Rlt t' dl-Hltf t^TI 
(11) t^R ^ RRTRf ^ RI* t RMRIR) tRTI 

%gTR 

R? nT-sd (fRR 29.1) RR* ^Rd ZTC RT RRT|RR RK R>8il RR tNi RR nl'Sd 
tl FTt ^ RIRRR RTRR f RWPRR: 3RW ift R RR ^ Wff RRT t, 
M 1¥*FT ^Hf 'gRT RRRlfa RRIRR ^ Rfed ^ R*ft Rl^ft 3 IJRRT RIRTt, 
f^WR IRT ^ RRR t ct^R $R RR RIRT tl RfR ^RR ^tR tN» «t g<sR 
IR ^ Rtt R^T RRRT t Rt gR ^ERR: Ifd RIRI tl *ftcR '3TT% RT £R 

^RR: R^R tt RIRT tl RF RRt RRIdt IR ^ RR^RHcT ^ RRR ^Ri ^ 

"gR RT RRRtR t Rff RRit tl tfR> Ri RR^RiM ^ H^l^ 3RR oRfafl RRR 
t K^l RRt RR ^RTFR Ri^ll, it Rld< Rldl f°b< y l Rid') RT tR> RR RRRR 
TRR: RRt RFT RTRRTI fR RRRT °RfRR Rt T*t IHRf RRi^T RI RR>RT tl 
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fcTJ 29.2 


sfr Ofc, 2" x 2" ^ r -q^.^t.STR. Ul, "^IT^, 

R^R, RRfacFr rTR, TJ^Rt, T#f (^MRq) ^ <SW 

*)R'M RRTRRTI 

#tsrt tn* wmt 

FRR (Laser) ^iT ^ ^T f^f=b< lj i ^ "^ftcT dc^Ml £TCI fd'klK lJ l (Light 
Amplification by Stimulated Emission of Radiation) 'll URI-4d: 
^JR ^tcT "0^ 'Rrft ¥lcft I (f^ 29.2) f^RT^ %T ^ *W) 
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aT^gNfTcT^ 




+ — 




fafW SFjqm ^ tl =FTEf ^rdt ^ ^ '^Ic^ ^ ist 

1w flcff fi w* ^ ^f 3 d.c. t^cr yciif^cr *rrat f, cfr 3 

ftW^TC ^ wri Trft # 3F^ ^ ^ ^frf -RM 3T^ 37FH 3 MR<=*WcT 

^ wt t, ^ snsR ^ «nfft ^raj ^ ■s^s^l 3 3W 
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3 Msjtqi 'll qp3 rtqq 4r cjg - <p^r*?t, _ <t> i ti-’i qrsjr if qiqq 
qfql I, qq 3Rlf ql ^RTf% qRi1, it WtZFJ ii ~ r < > *£ ; i mic|<i<l> qtfoj 
l it zqRii i 2 3 zqRiqr I it Ihf 3ri qqqfiq star Ii qfcrq 

itit 3 ^ qR IOTR f2Rq 3?% 

fqfw "jjq R3it Ii qi ■y r i it) iftq lotri'iq iri qRq itqi Ii 

TTRf.it.3TTT, 

qi Tjqi Wf «f>T |, it yettM URT qR -^dlddi qq qM | (f^5f 

29.3(a) m 29.3(b)! qq Tjyf.it, 3TR. qr fiRqi I. qq Sf^qieTqr i 
lifafiq 3^ qrfqqr i qnr 3TT3Rfw i i qnr an ^it I qqi tqqrtq 
qr q<fq qri I, firri Trfqui tjj»? it '^ttttt Ii 

TJyf.it.3TR'. Tlfdvi 

qq TTeT.it.3TR qr iteR (fqq. 29 . 4 ) ta I, qt qqq Trfqfe ijpf it 
qrar I q^' ^hpe itfqq it qiqr ti itt qm qqq -$m Ttfqfc iw 
W I T^ %tq *f®T 3TH it qraT || iqR fqRq ^ it qq TTfl. 
it.3TR qr qqqq qit sm, it tqrjq ~^=t> fqTqrcrtcr it tsttcti I, firr qnrqi 
qqq ^ Trfgfe strq it ^rai I qcf t^ffa Rfqfe atfqr it qrqr Ii 

TR?f 

qq °qfqq tj©t gR it qur ti^t itar I, it etqr f+<, u i it i qqq 
TJM Tffqfe 3TFT It 'didI I sir TJT^T IR T^R: TgyT qM I, 3fk >5T«r c^jR 
qiqn TTei.it.3iR qr -fq# I, it fefa Tji iti “i iter w. w: 
qrq it qrqT Ii 

lit qq>K qtqr q>t iqR fiRi qr?) it qqq qfqfcT stfq it dihi I 
3fk qit qqi ei'iit Ii 

TR?f q?t RTRit^TdT 

0) qrf, Ifof m qiqq^f qqit qft iti ^ Tgwr I '&M Ii 
(u) t^tt: T|eti q q^q iti qien Itm, qer, ^nqr snfii 




